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ON THE INFRARED SPECTRA OF MESITYLENE IN THE 
VAPOUR AND LIQUID STATES AND IN SOLUTIONS* 

S B BANERJEE aud K. C, MEDH] 

OpTIUH OwrARTMENT, InPIAK ASSOCIATION POK TTIK I IuIjTIVATION 01' SoiENCl!:, 

Caj.cutta-32 

(iicrciiw?, December 19, 1960) 

ABSTRACT. The inl'rared absorption spectra of mesitylene in the va])Our iiiifl liquid 
states urul in solutions in dilTerent solvents have boon invostiRatod with a rorkin-Klnier 
Model 21 sjiec'trophotometor and some of the asBignments ot the observed freqiioncicH of tlie 
molecule made by previoiis workers have boon criticallj^ examined. 11. bus been obserN'^ed 
l-hiit the froquonciOB duo to u, mode ol aromatic (^11 vibration and the CH vibration in the 
methyl friouji aro affocted ivith the chanRo from the vapour to liquid state These frequencies 
are furlhor affocted in dififoient ways when the oompoimd is dissolved in differoiit solvents. 
Attempts have boon made to interpret tho.se rosultB 

1 N T R 0 13 XT (1 T r 0 N 

It was obsorved in aoine recent investigations that tlio 0-0 elentrnnic transi- 
tion is lorbidden in the spoctniin of mesityloixo in the vapour state (Sj)ouer and 
Stallenp, 1048), but this transition becomes allowed in the case of the liquid 
(Sen, 1950) and its solutions in some solvents (Roy, 1957) This wa.s explained 
liy the latter workers by assuming that the three-fold Hymiiiotry of the mole- 
cule is disturbed due to aHsociatioii of the molemiles in the liiiuid st-at.e and in 
solutions Information of such molecular association may ho obtained from 
a comparative study of the infrared siieetra of the substance m the vajiour and 
liquiil states and in solutions Pitzor aud iScolt (1943) reported an analysis 
of the infrared spectrum of mosityleiie, based on the data reported by previous 
workers I’hesc data relate to the speetrum of the litjuid or its solutions and 
it> appears that, no data are available for the vapour. Pitzer ami Scott (RHiJ) 
did not make any definite assignments of the vibrational freipieneios of the mole- 
cule in the 3000 cm~^ region because of lack of suitable experimental data It 
would bo expected that in analysing these and other frequencies the study ot 
infrared spectrum of mesitylene in the vapour state would ho helpful. With these 
objects in view an investigation of the hifrared spectra of mesitylene in tlie liquid 
and vapour states and in solutions in diflFerent vSol vents was undertaken and 
the results have been disi^ussed in the jireseut paper 

* ReHid in the symposium on Raman and Tnfmrod Spcclm Jield ni NaiTiital in Uciobt 
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EXPERIMENTAL 

Pure samples of mositylene and of the solvents chloroform and carbon 
tetrachloride obtained from B.D.H. were used after being distilled under reduced 
pressure. The infrared spectra were recorded with a Perkin-Elmer Model 21 
spec troplnjtoine ter with sodium chloride optics. The absorption cell used for 
studying the spectrum of the vapour consisted of a pyrex tube 10 cm long and 
connected through a side tube to a small bulb containing the liquid. Two plane 
parallel sodium chloride plates at the two ends of the tube, held in position with 
the hell) of suitable gaskets and screws, served as the windows. A similar 
evacuated tube was plac'cd in the path of the reference beam. Absorption cells 
of different thicknesses varying from .025 mm. to 0.1 mm. were used for study- 
ing the spectra of the solutions and a much thinner film was used in the case of 
the pure li({uid. Suitalilc compensation cells Mere put in the reference beam 
to eliminate the bands duo to the solvents in the case of the solutions. The 
calibration of the spectrophotometer \vas checked by noting the position ijf the 
00.^ band. 

KE8 1TLT8 AND D18C1U8 8 10N \ 

The iiifraied absorjition curves are reproduced in Pigs. 1. 2. 8 and 4 and 
the frequencies of the observed bands are given in Table T. 

TABl.E I 

Infrared spectrum of mositylene 



Liquid 

5% Solution 
in CD Cl 3 

5% Solution 
m ecu 

(iH2 (h) 

082 

085 

083 

s;u (VN) 

835 

830 

835 

025 (w) 

025 

015 

020 

1040 (ni.s) 

1 038 

1038 

1036 

1238 (vw) 

1200 CO 

1210 

1230 (V) 

1378 (mH) 

1378 

1378 

1378 

1440 (ms) 

1442 

1440 

1460 

1400 (s) 

1470 

1470 

1472 

1012 (vh) 

1010 

1(405 

1010 

2882 (h) 

2800 

2868 

2870 

2060 (h) 

2918 

2918 

2030 

3050 (h) 

3026 

3006 

3035 
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(a) Assignment of the observed fregiiencies : 

It cau bo seen from T’lgn. J(a) and 1(b) that in the vapour state mosityleuo 
exhibits several bands whioh ooiTosjujiid to fundamental modes of vibration 
in the benzene ring as v^ell as vibratiojrs in the methyl group and that the spce- 
truni shows two bands of moderate intensities at 3051) and 2950 rm“^ and a 
weaker band at 2882 cra“h Of these, the band at 3050 cm“^ is expected to be 
due to a GH vibration in the ring and the other bands to vibrations in the 
methyl group according to Pitzer and Scott (H)43) wlio did not assign the band 
at 3060 cm~^ to any partirnlar mode and also jirojiosed that both the symme- 


:to 

I 
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Fiji- hM-) Infrared spectrum f>l mesifylonc (vapour at 2C'’(’), 
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Fig l(li) Infrared apegtrum of mesitylene (vapour at 2ti®C). 
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700 000 liOO 1300 1600 1700 cm-^ 

Fig. 2(h) Infrared spectrum of mosityleno (liquid at 26“C) 



2800 3000 3200 cm < 

2(b) infrared Hpei-trum of mesityleno (liquid at 26‘^C) 
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trie and the asyni metric CH vibration in the niothyl gi’onp would have the 
same frequency 2950 cm"h But from a review of the general trend of vibrational 
frequencies of the methyl group (Sheppard and Simpson, 1953) it appears that 
it would bo proper to assign the band at 2950 cni~^ to asynimctrie CH stretching 
vibration and that at 2882 em“^ to the symmetric CH sti’otching vibrat ion in 
the methyl group. 



The large intensity of the band at 3050 enr h n lindi is expected to corres- 
pond to a mode of OH oscillation of the ring, points to the fact that it cannot 
be duo to any mode of symmetric vibration. In assigning this band to an asym- 
metric mode ol CH stietching vibration, the assignment of the bands in the 
infrared spectrum of 1 ,3,5-tridcutcrobenzene by Bailey ul al (1940) has been 
followed They have shown that the doubly degenerate and Cg,, modes in 
benzene of frecpieneies 3047 and 3080 ein“i shown in Figs, 5(a) and 5(0) ros- 
liecitivcly. interat t uith double decomposition into a nearly pure doubly dege- 
nerate stretehing vibration of deuterium atom only and another almost pure 
iloubl^r degenerate vibration of hydrogen atom only. In the present ease of 
1 ,3,5-tmnethylbeiizene .similar argument Mould lead us to expeet an almost 
pure CH vibration and another almost pure C-CIJ,, vibration as sheuvn in tigure (i. 
In that case the band al 3050 em~^ woiihl represent a CH vibration of symmetry 
elass e" (Baily d ft/., 1940) and this band would lie alloMcd in the infrared thus 
accounting for its observed inteii.sity in the infrared spectrum. There is a veak 
band at 1238 cm ^ in the spectrum of the vapoiir, mIucIi might represent tlie 
corresponding C-CHj vibration also of c'-class 

On the long wavelength side there arc .several haoids duo to fundamental 
vibrations M'hich include CH deformation vibrations withm the mtithyl grouii. 
ft is kiiow^n from studies of infrared spectra ol“ methylated comjiounds (Sheppard 
and Simpson, 1953) that in the methyl group there may be a symmetric deforma- 
tion oscillation of frequency below^ 1400 < and Imo ajiiiroximately doubly 
degenerate asymmetric modes of frecjuenoy near about 1450 cin~h Thus, it 
would be appropriate to attribute the band at 1378 cm to the symmetric CH., 
bending, and the bands at. 1440 and 1470 cm"i to the two modes of asymmeiru' 
heading as done by Pitzer and Scott (1943) In addition to these there is a band 



8 


S, B, Banerjee and K. C. Medhi 


at 1040 corresponding to wagging of the CH^ group (Pitzer and Scott, 1943; 
Sheppard et al., 1953). 

The othei molecular frequencies may be assigned to different modes by 
folloM^mg Bailey et al (1946) who analysed the spectrum of 1,3,5-iridouterobenzene. 
Piizer and Scott (1943) also have analysed these bands Thus the band at 
682 cm~^ may be attributed to a C-C deformation perpendicular to the plane 
of the molecule (tta"), that at 835 oni"^ to an out of plane hydrogen deformatioji 
(c/) and the band at 1610 cm-^ to a mode of 0-C stretching Ndbration {e') 

(b) Change.^ ohnerved iri the .spectrum with the cJmnge. from the vapour to liquid ulate 

and in solutions : 

As discussed above, in the spectrum of mesitylcnc vapour there is a band 
at 3050 (‘m~^ representing a CH stretching vibration in tlie benzene ring and 
two othei bands at 2950 and 2882 enr^ which reyiresent resjieclively the asym- 
metric CH stretching vibiations m the methyl g^’oup When the vapour is 
liquefied these bands are found to shift to 3025, 2918 and 2860 ( in ^ respecitivcly, 
while the positions of the other bands except that at 1238 cni"^ remain unehangi‘d. 
In the ease of the solutjon in chloroform the band at. 3050 cm is further sWfted 
to 3005 cm- ' When the substance is dissolved in the non-iiolar solvent- carbon 
tetrachloride th(‘ thiee bands shift' respectively to 2870, 2930 and 3035 cm“^ 
and the shifts are much smaller than those observed in the case of solution in 
chloroform The jirescnce of a })ermaneut electric moment in the chloroform 
molecule is thus responsible for the large change in the frequencies. 

Idle weak band at 1238 cm“’ which has already bemi assigned to a C-C^H^ 
vibrational mode in the vapour state is absent in the spectrum due to a thin film 
of the Iniuid, However, vhen a thicker film, of thickness of the order of 
■025 mm., is used a very weak band at 1200 ciii^^ is just perceptible. Also, 
111 the case of solutions tif cliloroforin and carbon tetrachloride a weak band at 
1210 cm“i aufl 1230 cin“i respectively is observed, whnh may correspond to 
this mode of vibration If the asRignments ol these bauds due to the liquid 
and the solutions be correct then the C- CH3 Adbrational freipiency also ajipoars 
to be affected by change of state and environment In this case also the change 
observed in the case of the solution m CCI4 is small 

The shifts 111 the frequencies ol the CH stretching vibration in the benzene 
ling and the CH sti etching vibrations in the methyl group may indicate an 
association of the molecules in the liquid state through a virtual bond in whicli 
both the H -atoms of the ring and the CH3 groups are involved. The changes 
in the mt-ensity and frequemy of the C-CH^ vibration discussed above also 
support this conclusion. It is, however, unlikely that two CH.j groups of neigh- 
bouring molecules form associated bonds to suppress the C-CH3 vibration 
Therefore we have to postulate that such association is due to the infliienci* ot 
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TT-eJeotrons of the neigJibouriJig nioleoiilos on the JiycJrogeJi atoms of the Oil;, 
group. This is also m confonnity with tlie tael iluit tlie syituuetry of the n- 
eleetroji is disturbed and the 0-0 l)aiid appears in tlie ultraviolet absorption 
speetruni of the eornpoimd \iheii the vapour is lu(uetied (Sen MJ50). That (uily 
the aromatic CH oscillation frequency is further affected in the case ol tlu' solu- 
tioii in chloroform shows that the chlorine atom is involved in an association 
only witli the H-atoni of the ring ami not with the f'H;j group 

A 0 K N O VV t. R D tJ M E N T 

The authors are indebted to Trolessor S, (t Sirkar, O.Sc., F N.I., lor his 
kiiifl interest and heliiful diseussjon. 
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A PRELIMINARY NOTE ON THE MAGNETIC 
ANISOTROPY AND SUSCEPTIBILITY OF 
Fe(NH4SO,L • 6H,0 

A S OHAKRAVARTY ajid R CHATTKRJEE 

DErAHTMUNT OF MaHN KTIS.M, 1n»I'\N AsSOlUATiOJ^ Poll THE (UUiTJ VATION OP SciENClC^ 

(Jall'etta-32 

{Bvccivcdt Urcaither 17, lHri!)) 

ABSTRACT. 'I'iin theuiy oI magriotu* amwotropy and of m 'J’liHon 

SrtlLs hiihi boon woi'kod oul on Uio btiHis of Abrii^iiin ami Piyfos’ metbofi Ji is found thoi 
flio aiiiHotii'ojjic- jiarf fd l-ho (TyHlal fjold wiLh tempoifd mo dni' io tho Ihoniiiil o\]ian- 

hioti ol tlio Riyslal laMiro Tlio spnuoi'luf coupling rooUu loril bus t-o bo deri'UHspd by 20% 
fioxn ils lit'o ion valuo of -- Kill cm ‘ wbicli indicates somi' uinouul oj cneilap b\dAvptMi ibc' 
Ibl f’e-'' luul s and p- cluirge cIouHh The ag,! cement of the tlieorctica] v^ilues abb 
Llio exiieriinoui jh evci'llerii 


I N T U O D tl C T r O X 

'Plu; five-fold d(‘geiiei£acy ol the grotmd sUile 3d'', *1) of Ft*-' ion ni the free 
Htate IK njj by the predoinmant eulne cuin])oiient ol the erystal field into 
liii orbital doublet and a tri])lot, tlie latter being lowei liy about 10' enr ', in 
tlio oetahedially tio-ordnuited salts, eg , the Tuttoii salts (van Vleek, L032) 
In these Halts tlie oetahedron of six water inolcenles sin rounding each Fe-^+ ion 
has very nearly a tetragonal syninudry with the ;:-axis elongated as observed 
from paraniagneiie K'sonaneo measiiieinents (Tiiikhani, 1055). 'Phis ttdragonal 
eoin])oiieii1 of the cJoitrir field and the siiin-orbit eoui>lnig acting logetlier partly 
removes tlie remamiug degeneracy of the oihitaJ levels inelnsive ol the live-fold 
Bj)in degenei'aey td eat li tivbital level The eomplett^ seenlai problem is biglily 
eoinpliealetl and a et)m])lete Uietirv of the snseeptibility of Fe-' salts lias noii 
■^et been w'orketl out In the e,a.se tif the trigonal symmetry, tlie expression 
(t)r the snseeptibility lias been approximately worked out bv Prvee (1057) and 
m some tletails by Palumbo (lOoS), but the agreement with Jacksons (1050) 
measurements in Fe SiFg, (iU^O is not very satisfaetry at all ranges of tempera- 
ture. 

Wi‘ have tlerived ilie theoreiieal exjnessions ftir the maguetie Kuseeptibility 
anti aniHotrojiy m the teliagona) east* i e., foi tlie Fe'-^' Tntton salts on the basis 
of Abragain and Pryecs’ theoiy (1051) and eonijiarctl these with the experimental 
results on Fe (NFl 4 SOJ^, of Bose (1047) and Jackson (1024) and also with 

the resonance data of Ihnkham. 
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A Preliminary Note on the Magnetic^ etc. 

Sin.ee ike Fe- ' ion is in the /) state, we have assumed (Ahrajiain and 

Vryee) in this ease Undei Ike action it the tetragonal held and the sy)in-()ihit/ 
eoiipliup;. our lifLeen order secular fleienninaut breaks np into six | ] ]' • 
three | 0 , tour ) -j- :il - ajid two | -j 3 - levels, one (d the six | I- 1 > levels, 

lying lowest. All tlnst^ levels li(‘ withir) .i. s])aij (»f about SIMi cm ^ We next 
apply inaguetie perturbation (oi the.sc levels and get the exjn-essjon for the 
niagneiie suHeei)tibility and linallv for the scpiare nf the effective nioinent 
p 

■■ 

converted into ionic vaUies of P‘\ taking two Fc^' ions in the unit cell eipnilly 
inclined to the crystallographic Xi iii ilie usual manner 

Here .igain we hud that unless A is varied appieciably as in 1'i'*^' (Hlblki) 
and (lo^-t (lO/iDfi) salts, the agreement with experiment at all tem])era,turcs is 
impossible,. 33ins tlie crystal tie.ld ohanues (piite apjireciably due to thermal 
exjiansion of the crvstal lattice. The facts that at high temperatures the syiin- 
lattice relaxation time is very .small making paramagnetic resonance lines t-oo 
wide to lie ohservahle and that it increases sufhi'iontly at aliont 20‘^'K to give 
well-resolved lines are also indications that the crystal tield i‘hanges coiisideraldy 
with tmnperatnie. Moreovei, the spin-orbit coniiling coefficient has to he 
decreased hy 20^};, from its free ion value of 103 cm ^ Tliis indicates a eorres- 
pondiug overlap hetwn'en the 3d Fe''^' and .s- and />- ()-" i‘ha.rg(‘ clouds. 


TABLK r 

Fe(NHjSOi)... Ori.O - - SO cm->\ 


Temp in 

A cm 1 

P>ll 

P2l 

1 

P2-P‘i i j 



</-va]uos 

.^00 

6.50 

Hfi 20 
(30 25) 

20 31 
(20.22) 

!) 95 
(JO. 02) 


KiO 

500 

44 J2 
(44 01) 

24.72 
(24 56) 

JO 39 
(29.44) 

-- 

90 

400 

51 80 
(51.77) 

21 28 
(21 23) 

30.51 
(30 52) 

— 

20 

270 



f ffw 
\ 

-- 8 989 
(8 97 C 02) 





'l 

- 0(0) 


The values in the parentheses Jndieatr the mean et the exiierirneiital momonl, 
results ot Jackson (1924) unci Pose (1948) The f7.vnliies withm i^srent tiosos are 
Tinkham’s (19t55). 


The agreement with the magnetic anisotropies is quite excellent as can he 
seen in "J^ahle T, but the theoretiea-l ahsolnte P^j-vahies agree with the mean 
values of Jackson and Bose. The (/-valnes given by 'finkbam at 20*^11 also agree 
quite closely wnth onr theoretical values. 
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Tko mfithenialioal dolails wjII be published elsewhere sliortly. 
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INFRARED ABSORPTION SPECTRA OF DIAMONDS 
OF DIFFERENT TYPES 

S C SIRKAK 

Ol'TUs Department. Indian Asso(i\tk)N edh the Ci i.ti vvi'ion ov Sitende 

(\l,('TTT\-iiJ 

( lierrt err/,* \inrmht r 27, I Mfifl) 

ABSTRACT. Tho itifnirod ahsnrptioii K])(M‘irii of ton .spooiiiions of dinmoncf of wliioli 
tho tlDOroHconoo nnd idHoi'|inoTi spoftra liad lu'rn sludiod oailioi woro iji\ os( ipilotl uhih| 4 ^ a 
f’orkin-FJmei Model 21 h)io( ti o])holomotoi Two (d tlios(‘ ilia, ntorids lintispiiroiit npio idxml 
2lt(H) A 111 th(‘ iilti'Hv^iolol lofifion iind pi odii(‘iii(> lui fluoiosooiR o fmnd iil 415(1 A oxlnlnl oidv 
vory WL'iik infrared ab.'iorplioii in diffiTiod ioj^iodk vvhili* tlii' otlior hponnuMi,'^ .show Hoino or 
all the ab,soii)lion biindK ropoitod bv ])iovioiH woikors ft Iuih boon ( oiioludod from llioHo 
roaulifcj that tho.so inlrarod tiauriH oxcopting tlu* band fllfiO oin”' au' dno to nnjiin ilJOH and 
aro not iirodiiood by oliaraotoriistio vibialions of the diamond lattioo. I’ho band l!J(i() tim"* 
has boon aHaignod to the vibiatioii m (liOHO poit-ioiiH of I, la*- laLlioc which are undui htriiiu 
due to jireseiioe of im]miiiioh 


T N T K 0 D IT (! T 1 0 N 

The iiilVaivd ahHoviilion siioetra ol a lar^o miinlxu' of (lianioiids wtu'c 
iiivestjgat(Ml hy llobevlKoii, Fox ftud Maiiiii (ll)iM) iilotig with many other pro- 
poitieH of th(‘ (nystal and il waK observed hy them that all the speenneus 
sliow'etl bands in the legions 2-bi2 241)1 em 2lt)7 2IS7 em~h 2080-2101) e,in“* 
and 1002-2015 em h 1 )li 1. only ilie specnmeiiB oi eominoii tyjie absorbing 
ultraviolet radiation beyond 11000 A sho^^ed another set of liands m ttu^ i(‘,gioji 
1100-11187 em 'I'hese latter bands were absent in the spectra fine 1o the 
erysfals transpaient to nltravioiet laduiiion heyoild IIOOOA Kioni tliese, 
results they eonclndcd that the diamonds eould ho divided into two ly})es, e.g., 
Tyjie 1 show'iiig the ahsor))tion liaiids at S/f and also ahsorjition of ultraviolet 
rays beyond 3000 A and 'rype 2 iiol showing any absorption in tlii'se two regions. 
They, however, cda,s.silicd under Type 2 some diamonds whieli wcut iransjiareiit 
to ultraviolet radiation lieyond 3000 A hut showTifl alisorjition bands in the 
region 2351 A-2335 A, as these diamonds also did imt show' any infrared absorp- 
tion band in the region 8/f 

The study of the lununcscenee spectra of dilTereiit sjioeimenB ol diamond 
was later undertaken by Nayar (1041f/, 10416), Anna Mam (1044), (Ihandra- 
Mckha-ran (1948) and other.s It was concluded by those workers that the lumi- 
nescence IS feeble in chamonds of Type 2 which show' transparency in the ultra- 
violet region beyoinl 3000 A and that the absorption band at 4150 A and the 
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f1u(n‘CKt‘en(!e hand at tJii.s ijosition weic, ihe cl)aratde-mtic baudw uf the diamond 
lallKa* Riwhui (1950) pointed out, however, that the fluorescence hand at 
4ir>r»A exhihited ))y diamonds of Type I ought he due to chemical impurities, 
as ma( roHcoyjm strain in the trysial has no mflnenee. on the intciiHity ot the hand 
He next stndiefi (Ihshui, 11^52) cjuantitatively tlie inteiisitv of the fluorescence 
hand at -1151) A relativ'^e to that of the Hainan Jine at 1332 cm' ^ and also the 
ultraviolet ahsoiptjon spectra of eight selected spi^ciinens of diamond and 
observed that the intensity of the fluorescence hand at 41 5() A does not flepeud 
on the strength of the ahsorjition hand at the same place Tie furthei observed 
that a speenneu which is transparent to the visible region and to ultraviolet 
radiation upto 2270 A and shows only two ahsorjition hands at 23(iOA and 23ti3 3 
A, jii'odnces strong fluorescence hand at 4150 A, hut those sjiecimens which do 
not sliov any ahsorjition hands in the visible or ultraviolet region iijito 2240A do 
not produce the tluorescence hand at 4l5(iA. Kroni these results he concluded 
that diamonds of these totally transparent type are jiure diamonds and shouJil 
he classitiod under Type 2, while all other Hjieeimeiis showing lluoresoeiice band at 
4150 A are of Type I and that the tluore-siencc hand at 4150 A is dije to the 
impurity which produces the ultraviolet absorption liands at 2300 A and 
2303. 3A. 

The infrared spectra of these speeiineus of diamond wore not known and 
it was tlionglit worthwhile to study the infrared sjicetia to find out whethci 
the hand at S/i was a cliaracierisiic hand ot diamonds ot 3\ype I which show' 
the fluorescence hand at. ft 50 A and also whether the otliev hands observer) m 
t/h(‘ infrared spectra of diamonds of Type 2 l)\ Holicrtsoh, Fox and Martin 
(1934) are exhihited liy all the diamoildK of both the (ypes 

k] X V 10 R 1 M E N T A L 

As mentioned above some of tlie .sjieeimeiis of diamond iiserl pKwnonsly 
liy Bislini (1950, 1952) for investigating the fluorescence yield anrl nltraviolet 
ahsorjition spectra w^eic used in the jiresent inve.stigation The specimens 
soleetcd are 13 1, D 4, 0 5, 1) 0, 1) 7, T) 8, D 9, D 10, 1) 1 1 and 1) 13 Of these, 
0 4 and T) 13 w ere elavssificd by him under Type 2 and the rest under Type 1. 

A Horkin-Klmei Model 21 iiifrarecl spectrophotoiiietei was used to study 
the absorption spectra. As the diamonds W'^ere smaller than the full apertures 
in the tw o lieams in the sjieolrophotometer two small ajiortures of the same size* 
made in t^vo discs of black pajDcr w^erc used in the jiaths of the two beams, so 
that the radiation in the sample beam could enter into the spectroiihot ometer 
only aftei- jiassing through the specimen of diamond covering the ajierture in 
this beam The size of the aperture was not less than 4.5mmx6nim in any 
case and the smallest diamond used could wholly cover this aperture. Even 
w^heu S’ ^ o ' ’ --‘eriiire w as used in the reference beam and the sample beam 
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was shut off tho pen avus drivcu to the position 1 instead of /.ert*. so that the 
heights of tlie absorption peaks Avoie not affeeted very iniieh by tin' introiliietion 
of the ajiertures in tlic* tA\o beams. 

It 10 S U L ’L’ S AND D 1 S U S K I () ,S 

The positions of tlie bands observed in the iiifraied absorption speetra of 
the spoeiinens of diamond are given m Table J. 'I'hi* ijitensities are givi'n as 
strong, medium, etr 'Phe rJetails about the ultraviolet ahsjujition limit, inten- 
sities of Hnorr'seeiiee and absorption band at 115(1 A and the dimensions of the 
speeiiuens aie given in 'fable 11, 'Clie absoijition eiii’ve due to 1) (i is reproduced 
in Fig. 1. The curves due to 1) 9 and 1) Id are sliown in Fig. 2. Tlio curves 
due to 1)5, D 7 and!) 10 shon hands similar to those given by 1)0 but ith 



SOO 1200 KtOO 2000 2400 2H00 3200 3000 

— > /» m cm~> 

t'lg. I liitVaioil absorption sporti’uai o( D 0 



— > r in rur ‘ 

t’lg. 2. Infrared absorption spertra of D 9 iiiul D 10 
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wmaller st-rengtliH of absorption, and therefore, these curves have not been 
reproduced. Fig. 3 shows the curve due to D 1, which is a rose diamond 
belonging to Tyjie 1, along with the curves given by D4 and I) 13 which are 
of 3’ype, 2. The (“,urve due to D 8 was found to ho similar to that due to D 1 
and it ha.s not bemi reproduceil. Fig. 4 shows the curve due to I) 11 which 
is transparent upto 2270 A but shows two absorption bands at 2360 A and 
2363.3 A respectively. 



800 1200 l 00 2000 2400 2800 11200 3000 


— ^ V in oin ' 

Fig .T. Iiiirurcd ahHorptinii sionc-irii <il 1) I, 4 auti i) 13 



— ► 1 ' in cm-'' 

Fig. 4 liiliai’od ab.stupiioii apccimin ol D II 

It can be soon from the ligurcs and the tables mentioned above that, the 
diamonds D 5, i) 6. D 7, D 0 znd T) 10 belonging to Type 1 produce similar 
absorption bands in the regions from 1000 cm-^ to 1400 cm-^ and from about 
1900 cm to 2500 ciii-^. All these specimens show a sharp band at 1360 cm“^ 
besides the other liroad hands, but the height of this sharp peak is different for 
the different spceiinens. On the other hand, tlie diamonds i) 1 and D 8 M’^hich 
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TABLE II 


Properties of the specimens of diamond used 


Diamond 

No. 

Dimonsions 

in mm. 

Tntnnaity of 
absorption 
band at 

4152 A at -180"C 

Intensity of 
fluoreacenoe 

bund 

4152 A at ~180“C 

Ultraviolet 

absorption 

limit 

D 1 

9x7x1 R 

strong 

very strong 

opaque 

beyond 3500 A 

D4 

11X8X1.6 

(triangular) 

zero 

vory weak 

limit 2280 A 

D 6 

10X8X2 

weak 

very strong 

„ 3000 A 

D6 

14x12x2 

medium 

very strong 

3600 A 

D 7 

9x7. 6X1 36 

weak 

strong 

„ ; 2660 A 

D 8 

9x5. 6X1. 3 

medium 

woak 

\ 3000 A 

D 9 

9X6X0. 8 

woak 

very strong 

„ 12660 A 

1)10 

7.6x6 6x 1.09 

very weak 

strong 

islOA 

D 11 

7x6x0 96 
(low pyramid) 

weak 

very strong 

„ 2270 A 

bands at 2360p& 
2303.3 A 

D 13 

8X6X0.84 
(low pyramid) 

zero 

zero 

limit 2240 A 


also arc of Type* 1 and absorb all ultraviolet radiatioji of wavelengths shorter 
than .‘U)00A, do not produce any discrete* iidVarod absoriition bawds in the region 
from 2000 cni“^ i.o II500 cm"b but each of them shows only a very Aveak contj- 
nuous absorption in the region 900-1400 cni~b The specimens i) 4 and I) 13 
hich belong to Type 2 and are transparent upto 2240 A do not show any 
iibsorjitjoii band in the region 900-1400 cm-b but although T) 13 produces a 
few weak and broad bands in the region 2000-2400 cnT"b 1)4 shows only very 
weak continuous absorjitiou in the I’cgion 1800-2200 cm The specimen 
D 11 produces strong lluoresceiice band at 4156 A and unlilce other diamonds 
of Type 1 it is transpar-ent up to about 2240 A but shows two absorption bands 
at 2360 A and 2363.3 A It exhibits no absorjition bands in the region 
1000 cm“^ —1400 cm' k 

It can be soon from the above results that all thediamonds opaque to 
ultraviolet radiation beyond 3000 k and classified under Type 1 do not neces- 
sarily produce infrared absorption hands in the regions 2000-2260 cm~^ and 
2400 cm~^-25O0 cm“’ . I) 1 and D 8 are examples of such diamonds not showing 
any infrared bands in these regions. Agam, Dll, although classified under 
Typo 1. does not show any band in the region 1000-1400 cm-k Thus the inten- 
sity of the fluorescence band at 4156 A cannot be correlated with infrared 




Infrared Absorption Spectra of Diamonds ^ etc, ]9 

absorption iii any of tliu regions uiontioiu'd above The fluoreseeiiee band was, 
liowever, ascribed to some impurities Avhieh produce the ultraviolet absorption 
bauds at 23611 A and 2363 3 A by Bishui (1952). It appears from llicF e facts 
that the infrared absorption in the regions shovm in Tabic L are due to some 
impurities and they do not represent the characteristjc frecpiencies of vibration 
of the diamond lattice. 

It has to be pointed out, however, that the band at 1360 cni"^ is much 
sharper than the other bands and its Irequency is also very near t o the fi'equenoy 
of the Hainan Jinci of diamond. TJie vibration of fretiueuoy 1332 cm“^ ^dving the, 
Raman lino is forbidden in the infrared spectra It appears, liowever, that in 
small microscopic regions in the diamond in which impurities are present the 
symmetry of the lattice is destroyed and the mode of vibration is made allowed 
with slightly increased frei(ueHcv- The intensity of the infrared hand iiroduced 
in this way Avill depend on the per<*entagc of the total volume of the crystal which 
is under .strain due to the presence of the inipiiril-K'S. This may explain the 
differeneo m tlu’ intensities of this band observed m the different eases Tin* 
strongih of tlio absorption at the 1360 em~^ hand is in conformity with the 
fact that oven a 0.025 mm thick film of 1% solution of any organic liquid pro- 
duces large peaks in the infrarod absorption spectra 

Jt R F B R E N C E R 

Anna Mani (Mibb), 1944, Proc. Ind Acad. Sci., 19A, 231 
Bishui, B. M., 19.10, fnd. J. Phys.. 24, 441 
BibIiui, B. M., 19.12, Tml. J Phy. , 23, 347, 

(JhiinflrfiHelcharan, V., 1948, Proc Ind Acad. Sc., 27A, 310 
Nayar, P. 0. N , 1941a, Proc. Tnd. Acad. Sc., 13 A, 4H3 
Nayar, P, G. N,, 19416, Proc. Ind Acad. Sc,, 14A, 1. 

Kobortson, K., Box, T. J. and Martin, A. R., 1934, Phil. Trans. Hoy. Sac. A., 282, 482. 



4 


ON THE VARIATION OF THE TRANSPORT FACTOR 
OF A JUNCTION TRANSISTOR WITH INJECTED 
CARRIER CONCENTRATION 

A. N. DAW( 

Institute of Radio Physics and Elbothonics, Calcutta UNivKitsii v 
{Received, Noveynber 27, 1959) 

ABSTRACT. An attempt has been made to set up a goiieial et^ualion governing the 
distribution o( injeetod ouiners in the base region ot a p-a-jo junction ti'iinsistoj and Lciu'c 
to obtain an exprossiQii lor the transport factor fi. Subject, to certain apjjroxirnation.^s, n 
relation is derived giving the emitter eurrent. density as a function ot the conoefitration oj 
injected carriers and witti its help, the transport factoi is expressed exiilicitJy in iorms of the 
latter. The exju'ession is critically examined in the light of recombination process both on 
the surface and in tile volume. The results are compared with those suggcbted by jirevious 
workors. \ 

The jioHsible effect of the pi-esence ol a significant electronic component of current, 
across tlie ornitter-hase junction on the expiession for the trunspoit fnctoi is also considered 
[t IS shown that the offoct if any would he verv sintdl. An oloctronic component ol curront 
however, affects the value of the current amplification factor a and a categorical exjicri- 
montul verdict, in favour of one or the other of the different possible modes ol recombination 
IS not possible unless the so-called emitter efficiency tcirn can bo determined by independent 
experimental measure merit. 

1 . 1 N T R O D U (J T I 0 N 

The (uirrent ariiplifieatioji factor of a iimctiou transistor, as given approxi- 
mately liy the product of the so-called transport faetoT- // and the emitter ctfi- 
cieney y, is known to vary with the emitter current Ip. A large amount of work 
(Webster 1954. Rittnor 1954, Oiaooletto 1955, Misawa 1955, Fletcher 1950, Hauri 
1956, Maty., 1598 and Kaufraann 1959) has already been done to aiu-oiait for thi,s 
variation but a satisfact/ory answer has not yet been obtained. One reason for this 
is the fact that a rigorous solution of the diffusion equation of a juiietion ti aiisistoi 
holding for all values of If is difficult to obtain and only approximate solutions 
for operation at high injoetion level have f.o be inferi’ed by making use of the 
kuovTi results for that at low level and of certain plausible assumptions. The 
deductions arc obviously rather crude and it is not. known whether those may 
be applicable to the intermediate levels of operation An attempt Avas therefore 
made to set up a general equation governing the distribution of carriers inieoted 
in the base region with a viev particularly to obtain an expression for the transport 
factor fi valid over a wide range of operation. In the present paper, an, account 

?0 



21 


Variation of the Transport Factor ^ etc. 

is given of the resullK thus obtaniod for three eaHos ol' geucral interest . vu., (i) 
when, recombination of carriers is eoutiiiocl only to tlie surface; (li) when recoin hi- 
nation occurs only in the volume and (iii) when recombination oeeurs both on 
the surface and in tlie volume. The results are eoiu))arorl with the values given 
by the pre\ious workers, 

a. GENERAL EQU.VTION FOR, THE i) i S T R I H U T I O N OF 
(’ARRIERS IN THE RASE REGION 

The basic e([untions governing the one dimensitmul flou of minority earners 
through the base region of a luuetiou transisbtr are tlie following ; 


dx 

... (1) 


. m 


whcie J„.Jp - electron and hole current densities across the eiuitter-basc 
boundary. 

rt, /I — electron and hole concentrations in the base region, 

^ electron and hole mobilities, 

--- diffusion constants for electrons and holes 
E -- electric* field in the base region 
and e — eJectioriic charge 

(Jonliuing t.o transistors of the jj-n-p tyjie we note that foi high values of 
emitter efficiency, J„ ^ 0. I’he olectrie field E can now be eliminated (Webster 
1954) between Kejs. (J) and (2) giving 

--- -el)^ ( I I .. (3) 

where N^f - equilibrium donor concentration in the base region 

Wlien recombination is present, the time i*ato of deeay (»1 injected hole rlensity 
in the base region is given by 


# P~Vb ^ 

dt TP dx 


where — thermal equilibrium value of hole densitv in tlie base region, and 
T === effective lifetime of holes in the base region 

Eliminating from Eqs.(ll) and (4) one obtains 


dp ^ ^ p- Pa 
dt T 


+o. 




p4Na / dx> 




(v+N,r 


■ ( -^ ) 
\ da; I 


(S) 
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Ecj. (4) atawumes tacitly that the hfotimo r is independent of the injected minority 
carrier concentration This assumption is not, however, Reiicrally true. Experi- 
jiieiilal rt'sults on the variation of r with are somewhat conflicting. Pi-esults of 
a recent work (Deb and Daw, 11158) show that in general, leaving out the case 
involving very low values of 7^, the effective lifetime t passes through a maximum 
as the injection level is increased from a low' value. An analytical relation 
suggested to acicount for this variation is 


I 

T 



H- 








). 


( 0 ) 


where — volume recombination Jifotime when p ^ N^, 
and 1/vjj — surface recombination lifetime when 'pl<^ N^, 
it being assumed that the volume recombination is bimolecular 
Eq.(O) one obtains from Kq.(5). 


Accepting 


dp 

dt 




''f (‘+ Na ) 


+Dp{l+ 


I... ] fP. 

p-f / dx^ 


H- 


D, 


I ip\^ Nu 

\ dxl {p+N'i)^ 


... (7) 


Eq. (7) is tlio general form of diffusion equation valid for all values of I„, provider! 
the lifetime t follows the relation given by Eq.(6). 


3. SOLUTION OK DIFFUSION EQUATION AND 
GENERAL EXPRESSION FOR THE TRANS- 
PORT FACTOR 

We now proceed to obtain a solution of Eq. (7) deduced in the jirecoding 
section. For simplicity, w'e assume the steady state operating condition. For 

tliis, ^ = 0 and 
dt 




d^p 

p-\-N J dx^ 


/ dp\ 

(p-hA^<i)“ \ dxl 


y~"k\ 


■(-£) 


14" 


2p 

Nd 


=0 


(8) 
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This equation is of a standarrl form and can be integrated easily giving 


^ ^ + ( ^ “ it) + 'nl !. ^ '' - <"> 

where Z — ^ and (! IS the constant of integration 


Let us noM' introduce tlio variable y — so tliai 




Substituting P](|. (10) in Eq. (0), 




■3? If “-S', 


To evaluate L*', we utilise the condition that at the, colleetor base junction, the 
minority earner concentration is negligible so that 


<*?/ l <^y\ Bftv = 

dx \ dx/c 


... (12) 


where iR the eolleetor current density T^Voni ICijs (11) and (12), we huvo 
/ / s 2 

.>fV)- ■■ (13) 


Again, from Ph]|. (3), the emitter ciiiTeiit density = Jp is given by 


J, - tDp 1 t 


■Pe \/d'P\ 




... (14) 


where the subscript e refers to the emitte.r base juneiion. 
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From Eqs, (11), (13) and (14), one obtaina 

( iD^~^ ) "" ~D,Tn [ ^ “ If A 

nt [^2' ( cD^nJ, 


... ( 16 ) 


OI J 






... (16) 


Ddfcj-outiating botli sidey of Eq. (16) Avith re8i)ecl to and noting tlifit the trana- 

dj\ 

port fac-tor //p,. for Lhc grounded base mode is given by /^rc " dJ \ ’ 
obtains 


t^co — 






T>„ 


2 ?/r* }>B y ly 

\ 2 N „^‘ll 

Avhieh IS the general exiireasion for ftcf.. 


(17) 


4 RELATION BETWEEN THE OIT U K E N T DENSITY 
AND IN.TEOTED OARRIEH CONCENTRATION 

'fhe reJation for given above |Eq. (17)J has the drawback that it in- 
volves both ,7p and and a precise relationship between those two parametei-s is 
needed to obtain /i,.^ explicitly in terms of either or y^. Unfortunately, 
however, a rigorous relation cannot be obtained readily and some approximations 
have to be made keeping in view, as far as possible, the peculiar conditions which 
arise under high level condition of operation. Thus noting that under high level 
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J obtained, loi the case \rhen recoinbination ill the 

base region Is negligiblcj the relation 


J, ^ 


(iD„A 




W 


! y«)| 


.NdP 


(IH) 


where P ' 2y^, { ly, ) and W is the width of the base region of the trausistjor. 

Ill a practical trails ist.oi , however, some of the lujocled carneis are invariably 
lost by recombination in the base region and Kq (18) needs some moditicatioii to 
take tliis into aceounl A simple methofl of doing this is as follows ■ 

We recall that in the presence of i ecombmatioii the expression for ./, at lov 
injeietion level is ajiproxniial-ely given by 





W 


{PpT)’ 

tanh 


If 


and that in the absence of roeombiiiation by 


j ' =it^pVh 
' W 



(lb) 


( 20 ) 


where J'g is the einittei cnrient density at. low mjeetion level and the applied 
emitter to base d c. potcnitial Tt is thus seen that the presence' of lecombina- 

tioii hitrodnces a lac tor ^ xr I' expression lor J'. Wi”! 

h {D^ry j, 

assume that, to a first approximation this also lioldLs foi high in jecl.ioii level. liJij 
(18) can then be niodified as 




W 


eJ)pNaP 

W 


Ow- 

tanh — — 


( 21 ) 


Next we argue that at high injection level the term t ajipearmg in fhp (21) is 
a function of y as given by Eq (6). From Eejs. (b) and (21) wo then obtain 
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wlicii I'eouiiibiiiatioiL occurs only in the volume and 


j 

^ W 


H7 \ 

\J,li+2ye) J, 


tanh W 


f Vi,(l+ye)\ i 
Vi>^(l+2y,)l 


when recombination is csoiifinod only to the surface. 


(23) 


6. HE 00 MKINATl ON MECHANISM AND THE VALUE 
O E THE T R A N S P O li T E A C T O R 

All expression giving the value of the ti*ansport factor fi^^, exiilicitJy as a func- 
tion of tfa eaii now be derived with the help of Eqs. (17), (22) and (23). it is, 
however, convenient at this stage to consider separately the effects; of surface 
and volume recombinations. This procedure simplifies mathematical mani- 
jiulation considerably and also heli>s to bring out clearly the role of theundividual 
types of recombination proc esses on the operation of a transistor. Further, as 
will bo shown presently, the results thus obtained arc helpful in discussing the 
case when the two I'e com bination processes are simultaneously operative We 
consider first the case of surface roeombinatioii. 

(]) Recombirndiou confined only to the surface. When only surface re- 
combination is operative, Tyj — oc . Keeping this in mind and substituting in 

Eq. (17) the value of Jq and as obtained from Eq. (23), one obtains 




t,anb“ 







“ 

II' \ J/e 




1 P 

(l+2ye)" 


I 


— 

L J-„bsA 

' - 


['-( 


taiih’-^ 


IE 


f-h2ye 

l+yc 


?/c“ 

P 


n' 


where 

W 

For usual values of - - - 
Jj 


1 ^ f V ji(l-|-2/.) 

\"2>^(l+2ye)J ■ 


, the Icrni 



^ w n 

— 1 

. p , 

1 BS 


(1+2!/,)* 

1 2 . , 21E i 

t BS ] 



(24) 


(25) 
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ill the numerator of Eq. (24) is very nearly equal to unity, Eq. (24) eau, Ihoie- 
fbrcj be rewritten as 




I - taiih= ,?1 

' " ua 


1- tanh= 

^^(1 +?/<■) BS 


■ 1 


( 20 ) 


Eq. (26) prodiets a tondeucy for jhe increase with //,,, a]jproaciliiii^ a limiting 
value of 


Ace 


1 - 




(27) 


for yc > > i nnd - 








Eor y^, <<'1, Eq. (26) reduces to the form 


Pec 


2i),, ’ 


... (28) 


If the right hand aide of Eq. (26) is expanded binoinially, one obtains, 
neglecting higher order terms, 



Using Eq. (29), the reciprocal of the transport factor fifj, fiu’ the grounded omittor 
mode of operation can lie obtained as 



... (30) 
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where 


tanh’-* 


W r 


i,(z) =. 






p2 


... (31) 


Tt is easily shown 1-hat for W U 


ki(z) ~ 


%.(■ I- Vt) 

P(i 4 -iy,) 


-(?)■ 


... m 


k^{z) iDay be callerl tin* ‘fall-ofl faet-oj ' and is analo^ou,s to the faetojs g{z) and 
m( 2 ) o1' Wel)stcr (19/54) and Hauii (195(5) respectively. Like these latter factors, 
k^{z) tends tti unity for ije < < 1 but for > > L the limiting value of i^iis factor 
is 9.25 as compared to the value of 0 50 for both g{z) and m{z). 

Tn the analysis presented above it has, been assumed that JJ is a \^unction 
of 7/,, Webster has, liowever, suggested that the surface recombinatioii lifetime 
is independent f)f ye and has asiribed the observed increase m the value of 
to the increase in the value of the effective diflusioii constant Acoeptiiig this 
jxiinl of view, the modified expression for //g, is found 1o be 




I -- I anil- 

r* Jj 


ir 


L I 


.. (33) 


V here 


I _/v^y 

\ nj 


For low values of i/ei'/Ze << 1). ^9- ('^3) reduces to the form of F(|. (2S) and 
for high values of ?/c(;Vp - > 1), Eq. (33) simplifies to 


/y ^1- 


... (34) 


which shows that the loss due to surface recombination is halved at high eurront 
densities. This is in accordance with the c,onclusions arrived at by both Wcbstei* 
and Hauri. For intermediate values of however, the nature of variation of 
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this term oau be studied by coiisideniig the vanatiou uf the ‘fall-ot't fiiotor" w hich 
lor this case may be \\Titteu as 

fcanlx'-*— 

k,{z) =. — ^ r ::yi±ML 1 ... (35) 

^ |a L P J 


- Vc -1 h Vf,)) 

p 


... (Hb) 


]t is easily seen from Eq (3b) that the Jimitiu^ viilues of the factox hj^z) foT‘ .</«<<! 
anti «/c>>-l f d.5 rospectivoly m agreeiiiout with those of ff(z) and m(z). 
For nitermodiatc values of y^, differs slit^htlv from botli. Table 1 eoinimves 
these values. 

TABLE r 


Values of the factors <7(2), ?w,(2). 

h^[z) anrl k.{ 


Ve 

!7(J5) 

m { z ) 



1 

2 

3 

4 

5 

0.01 

0 99 

0 99 

0.97 

1 00 

0 05 

0 95 

0 98 

0.89 

0 . 90 

0 10 

0 92 

0 . 90 

0 HO 

0 94 

0.50 

0.76 

0 . 80 

0.57 

0 80 

1 .00 

0.07 

0.79 

0.44 

0 72 

1 00 

0 00 

0 72 

0 :j4 

0 04 

5.00 

0.65 

0 04 

0.29 

0.57 

10 00 

0 62 

0.60 

0.20 

0 54 


(ii) RECombimition confinad only to the volume When the volume loe.om- 
biiiation term in Eq,(17) plays the dominant role (i.e vjf — 0), one olitains woth 
the helji of Eq. (22) the following exjiressioii for 
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On making the Ramo assumption aa was mafic in floriving Eq. (26), Eq. (37) 
can be .simplified U) 

tanh» 

^ ... (.S9) 


Eroiii Ef( (3fi) it, is easily rpou that for ?/c << I , the (‘xpreasion for reduces If) 

I 

v.. (40) 


.,tanh- =’-92)7 


whifdi is the usual exj)resHion for low level condition of operation When y/e\> > 1 , 


the expression for A.. takes the form 

A„=1- s ( 


\ 


(41) 


provided 


A.t„ 


.2/c 


W 

Assuming -- — , < < 1 , one can olitain from Efj. (30) and approximate 
'•'iir 

ex])ression tor pcb~^ of tko form 




W'^ 




(42) 


It. may be noted here that Matz (1958) has siiggostofl an expression for fid, m the 
form of an integral which when evaluated gives a relation similar to Eq. (42). 

From Eq (42) an expres.sion for the fall off factor' for this case can be VTitten 
down directly. Denoting this by the term k^{z), we have 


Uz) 




pz 




(43) 


It is to be noted that A*,j(z), unlike the factors ky{z) and h^{z), increases with 
which shows that the transport factor fJeu actually decreases with increasing y^. 
Thus the term fall off factor’ is a misnomer for this case but has been retained 
for the sake of uniformity. From Eq. (43) it follows easily that h^{z) is equal 
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to 1 foT 2/g <<L 1 and ia equal to lor //<,/^> 1 Its valinvs in llie range 
.01 <ijg < 10 are given in Table 11. 

TABLE II 

Valiiea ol the Caetors <j'{z) and ni'{z) 


ye 


.7'(~) 

ui'(z) 

1 

2 

3 

4 

0 OJ 

1 01 

I.OI 

1 00 

o.uri 

J .03 

1 .05 

1 .01 

0 10 

1.07 

1.10 

1.02 

0 50 

1 35 

I . 50 

1 .11 

J .00 

1 .07 

2.31 

1 21 

2 00 

2 30 

3.00 

J .41 

5 00 

4.47 

0.21 

2.01 

10.00 

7.S7 

18.00 

3.00 


‘Fall off faetoi'K’ for tJio easea conaideicd liy Webster (1904) and Hauri (1950) 
may be derived easily by examining the expreaMioits for gjvc*n by llieae authors 
and are. found to be 


<j'{z) ^ I Webster] "| 

... (44) 

m(z) |>a(2)}[l -[ ^a(2)?/e} U^aiiriJ J 

Values of r/'(s) and m\z) as given by E(j (44) for different values of /y^ are given 
in eohimns 3 and 4 of Table. II. 

It should l)e noted however that the tyjie of voluiiK^ ij'eeombiiiation discussed 
above is the bimoleeular one. The other type of interest is nioiiomoleoiilar vohnne 
recomliination in which the lifelinic teinls to become indepeiidont of A 
.solution for this case may be. obtained in the manner outlined above yiidding for 
jice the cxiweHsioii 



... ( 46 ) 



32 


A. N, Daw 


showing that /ice, after an initial increase with attains a limiting value. This 
is ill agreement with the conclusions arrived at by both Webster (1954) and 
Haiiri (1950) The increase of jigg with as is observed here is due to the apparent 
increase of the diffusion constant Dp. 

As regards the fall off factor’ for this case, the formal resemblance between 
liq (45) and Eq. (33) evidently suggests that this factor should bo identical with 
the factoT‘ k.^{z) A similar argument would show that the ‘fall off factors’ for 
the cases treated by Webster and Hauri are identica] with the factors g{z) and 
'm{z) respeid-ively. 

(ill) Hurjuce and voLunui reconUmuition oparatwe srmulUjifieouftly. So fai* 
the two types ol recombination processes have been considered separately tor 
reasons already mentioned. Th& concept of the “fall off factor’ , however, enables 
one to infer the lav' of variation of /ice with when both the processes are simul- 
taneously operative. We recall (Webster 1954) that at low injection level the 
expression for is given as the siiiii of three terms coiTesponding to theV-ontri- 
InitioiLs ot Kurlace recombination, volume recombination and emitter efficiency. 
Assuming that the emitter efficiency is unity, the expression for nan be 

vo’itten as 


Ar' = « 


r ki(z) 


\ 


L HA J 


\-h. 


f HA 1 
HA J , 


i 


(47) 


whore a and b are constants depending on the low level values of the surface 
recombination term and the volume recombination term respectively. The 
terms Avithin the parentheses in Eq. (47) take into account the possible altcniative 
modes of recombination mentioned earlier. 


(i. lit'FECT OV KMITTER EFFICCENCY ON THE 
T HANS PORT FACTOR 


The analysis given m the jireceding section has the diawbac.k that it is based 
on the assumption y — I , i e - 0. In a practical transistor, hoAvever, this 
is not so and the expression fV>r Jp as given by Eq. (3) will consequently be inade- 
quat,e. When J„ ^ 0, one obtains from Eqs. (1) and (2) 


J^- ebD, I 

+ Ni) ’ 


(48) 


and 



. Jn \ dj) 

^p{p-\-Nd) J dx 


... ( 49 ) 


where 


lip 
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From Eqs (3) anti (40). it is seen that the effective value of the diffusion 
constant in the latter case is larger than the value obtained with “ '(I- Tliis 
will make the value of fi larger. Tii actual practice, liowever, this iuercase is 
not appreciable. Thus even if ,1^ becomes high enough 1o make y -= 0.9, the 
percentage increase in Dp is not more than 5. The assumption — 0, therefore, 
does not. affect, appreciably the results reported in Secs. 3—5. 

7. D I S 0 U S S ] O N 

To summarise tlie results obtained m the preceding sections we note that the 
values of the ‘fall-off factors’ <j{z), m{z) and l\{z) in TabUi T arc m reasonable agi’ee- 
meiit while those of the factor are much smaller in niagnitiidc for ^ 1. 

This discrepancy arises because of the lact that in deiiviiig IDcj (20), w'as 

assumed to be a function of y^^, its values increasing with ineneasiug values of 
whereas the other factors, viz. 17(2), m{z) and w^ore not based on such assuiiii)- 
tioii A glance at Table 1 w'ould show that an cx]>erimenlal test of the validity 
or otherwise r»f the aforesaid assumption is best made by measuring // at high level 
of operation This is, however, difticult. because ol the increased inqiortauee of 
the emitter efficiency term and volume leeombuiatioii at high level and of the 
lack of an accurate method of indepoudeut measuremeul ol y (Deb and Daw, 
1958). In view of this we can make a chock only for the Io\n levels of ojieratioii 
oven though at such levels tlie values ui ft as xiredieted hy the different theoretical 
relations in Table J do not diffei widely from each olliei Ij(d us eonsirler the 
ease when is iiu-reased from d to d.J. Table 1 would show that for this eliaiige 
in y^. the percentage increase in ft as predicted by the fall off factors 17(2), >a(s), 
k 2 {z) and kft^z) arc H, 4, (i and 29 respectively. Kxperiiiieutally rncasured values 
of change in current- anqilificatiou factor as obtained for transistor types 0C7O 
and ()C(i02 for the same conrlitious are 14% for the former and 8.5% for the latter. 
Bearing in mind the fact that the effects oi the volume rceombination and emitter 
efficiency teerms w'onld be to make the ex])eiimentally measured percentage 
change in current amplification factor lower than the true mevease in the trahs- 
jiort factor ft it Avould appear that the assumption regarding the dejiendance of 
surface recombination lifetime 0117/^ is somewhat justified and that the factor k^{z) 
gives the more correct value of fall-off factor than any of the other three 

Taking the (;ase of volume recoinhinatiou we find from Table II that the 
values of the factor kj^{z) agree quite w^ell with those of y\z) for ^ 0.1 
At higher values of i/p, however, the iiicroase of (j'{z) is fkster than that of k^{z). 
This is understood if it is recalled that while in the present analysis the apparent 
increase m the diffusion constant of the minority carriers with the level of injec- 
tion has been taken account of, Webster in his treatment had ignored it-. As 
regards m'{z), this factor has the slow est variation with y^f and consequently gives 
the highest value of ft^g Tins is because the, assumefl nature of bimoleirulai 
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recjoinbiiiatioii in this case m different from that given by Eq. (6). TJius in the 
limiting case ;»/« >> I, the aiiproxnnate expressions for as given by Webster, 
Hauri and Eq. (41) are as follows : 


A. = 


W2 

= 1- i .,r, i y‘ 


/4 = 1 " 


?/*■ 


(Webster) ... (r>()) 

(Hanri) ... (51^ 

(obtained from Eq 41) ... (52) 


Hfere again a categorical experimental verdicd in favour of the one or tlio 
other of these eipiations is difficult liecause of the inciensing role of the emitter 
efficiency term y under the limiting condition >> I. 


Tt IS, however, to be noted that some earlier experimental resultil (Evans 
19.5(>, Dell and Daw 11158) indicate that the effccf.ive lifetime passes through a 
maximum as is mcreased fiorii a low value. E(j, (6) used in the present analy- 
sis is the oidy relation suggosfed so far which can aiscouut foi' such a variation. 
As such E(i (47) undoubtedly deserves careful tonsideration. Assuming now 
that Eq. (b) is valid for a prac-tieal transistor, one obtains from Eqs. (32), (43) and 
(47) the following expression for 


Ar' 


a 


■ I I tk ) 



p 





wdiere 


2D„ 


and b 


W'l 

2D,t 


(54) 


A rough check on the A alidity of Eq, (53) may he made as iollows. The values 
of Tj{ and Vjj for tyjies OC70 and OCb()2 transistors determined earlier (7)eh ami 
Daw , 1958) are given in columns 2 and 3 of Table JIT. In column 4 are given 
values of Pf.f, obtained from these values and Eqs. (53) and (54) for 2 /c — 1 . 
Column 5 gives the experimental values of the euiTciit amplification factor a and 
column those of y using the results of the preceding two columns. In the last 
column are given the values of (Te obtained from the relation 

<^ 0 ^ _ J ~ y ( 55 ) 

These results are in reasonable agreement with the expected values (Early 1953, 
Webster 1954 and Kaufraann 1959) and lend siqqiort to the validity of Eq. (63) 
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I’ABLE ni 

Values of fr^L,, at //^ — I 


Transistor 

type 

’■JB 

ixneo. 

IXHmi. 

^'fii 

a 

y 

mhos 

J 

2 

3 

4 

5 

0 

7 

OC70 

80 . 4 

17 2 

0.979 

0 973 

0 994 

0 07 

00602 

51.8 

20 4 

0.979 

0.977 

0,95)9 

1 ,00 


With regard to the role of the term y it is louiul that this does not afleet 
sensibly the utility of Eq (]7). It is inte'ieslmg to note that the presence of an 
appreciable electronic component of ciirriMit— a])ar1 from decroasing // through 
a decreased y value - also increases the same througli an increased diffusion 
constant. In practice, however, the decieaso in y masks conqdetely any im rease 
arising out of this last effect. 
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FREQUENCY OF THE THREE-PHASE R-C COUPLED 
OSCILLATOR PART II. 

INDUCTIVE ANODE LOAD RESISTANCE 

H. RAKSHIT AND M. 0. MALLfK 

Dkpxhtment of Eleotronjcs ifc EiiECTaicAL Communication enoineehtnu, Tniuan 
INSTITIH’E of Tbchnouogy, KhARQPTTE 
(Received, December 12, 1959) 

ABSTRACT. When the three Htago.s ol n eonveniiuniil three phase R-C oscillator 
iiro ideniioal, the oseillabionH normally produced are o1 radio f'requoncy u — ; ^3I0R, where 
R and 6' are tuning resistance and eapacitaiice. It was shown in Part (Rakshit and 
Mallhlc, 1965) that this simple formula holds when l.he loud resistance jh non-rWirtive and tlie 
cathode impedance is uoro or resistive. The caso of mduciivo anode itisistnnca when cathode 
im])odance is (i) resistive and (li) reactive has been discussod in llic present paper. For 
I’oaistivo oathode irapedanco an niductauee in series with anode lesiRtanea causes an 
iuiiroase in frequency over the »J'ifGR value up to a certain magnitndt‘ of the inductuni'e 
hut for still higher magnitudes the frequeriey goes on decieasiiig 

The effect ol reactive cathode when the anode load is inductive is the same as that foi 
non-reactive anode load resistance discussed in Part I Inductive cathodo impedance 
deoroasoB the frequency of oscillation from the value for resistive cathode impedance while* 
capacitive cathode impedance generally increases the same*. 

0 

INTHODIICTION 

It has been shown iu Part I that the fretpieiicy of the three phase E-C 
oH(ullator is dependent on the cathodo circuit impedance. The simple expression 
for frequency w — \/''^ICE holds good, only when the cathode circuit imiiedancc 
is zero or purely resistive and anode load resistance is non-reactive. When the 
cathode impedance is reactive the generated frec|ucncy will be greatei’ or less than 
-x/S/Ci? depending upon whether the cathode impedance is capacitive or inductive 
The effect of cathode imiiedance is prominent when tlie generated frequeiu;y is 
much below or much above tlie cathode resonant frequency. 

In the present paper we shall discuss the condition when cathode impedance 
is zero, resistive, or reactive but anode load resistance is inductive. The addition 
of iiidiictance with the load resistance imjrcases the load impedance and makes 
it possible to maintain oscillation at comparatively low values of load resistance. 
In fact in our attempt to generate very high frequency it has been found that 
these inductances arc essential for maintenaiice of oscillation (Rakshit and 
rj^^J^allik, 1953), Without, the sma,!! inductance the oscillation frequency o =; 

Wobstci 36 
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■\/‘6ICU and the phase shift per stage is 120 degrees. The presence of the small 
iiidiictaiiee causes a dt'crease lU phase shift at this freqiioiicv and as a 
result the frequency of the maintained oscillation is increased. This increa.se 
in frequency with increasing inductance, continues nji to a (’erlain maximum value 
and thereafter the frequency goes on decreasing and finally lor still larger values 
of inductance the frequency heeomes less than value. 

T H E () Ft E T T C A L O N S T D K RATION 

Tn this ca.se the anode load consists of the tuning capacitor F* shunted hv 
the senes combination of 11 and its associated inductance L. 

Hence, 


U(6)27vr- 1)2 


Tile i)ha.se angle of th(‘ loail is given by 


tan^y- 

R 


and the frequency ol the radio frequency oscillation is accoiditigly givmi by 
— (Uakshit and Bhattacharyya, 1940) 

Or t.j*y.v'+c.)(r/?2-L)-^/:i/^ -- 0 .. (2) 

This IS a cubic equation with one real root', the other two being imaginary. 'Plie 
real value of co is given by 

0) - 1 rA-{P - 1 - (‘i) 


wdieri^ 


P _ 

21^(^ 


and 


Q~-- 


L 

37>r.' 


For convenience of numerical computation, this may be WTitten in the folloAving 
form by putting x for (^R^IL, We then have 


_ [ f V‘^ 

' " OR [\ 2 


(0. )r 


(:ia) 


_ 7C, 

OR ’ 


... (3b) 
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where ().76H- 

+(f-("=+'-ii'‘rn- 

It ifl obvious that if a tabJe giving K for different values of x according to this 
equation is availabie we can at once calculate m from Eqn. (3b) by first finding 
X for the pai ticular combination of L and C. For this purpose the calculated 
values of K for different values of x ranging from 0,01 to lOfi have been given 
in I’able 1 The results are also plotted in Fig. 1. For values of x > 100 or < 



B 0 01 0*2 OS 0'4 O’S o's 0*7 OB 0*9 • 

CO I 2 3 4 5 B 7_ 8 9 10 

0 0 10 20 30 40 50 6 0 70 80 90 lOO 

^ X 

l^’ig. 1. Variaiion of K with x. 

<0,01 we can calculate the value of oi after making some approximations leading 
to Eqns. (4a) and (7a). Th(> error involved in those approximations is quite 
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small. Thus foi* x ~ 100 if o is ualculated hy Equ, (4a) mslead of E(|n. (8a), 
the residt is 0 117% gj'catej’ than the exact vailue. Ki-i largor values of x the 
error due to apijioximatiou will gradually diiniuish. Similarly when .r 0.01 
il oi IS ealpulated Iq' E(ju (7a) the result is 1 2% ijrealer than the exact value. 
7u>r still smaller values oi ,r the error due to apiiroxiuiation is still h‘KH. 


I’ABLE 1 

X IA1. K 


X 

K 


K 

.r 

K 

0 OJ 

0.1073 

J 

1 2010 

0 

1 . 8033 

0 ou 

0.1547 

1 1 

1.2180 

7 

1.8661 

o.o:) 

0,1930 

1 2 

1 .2971 

S 

1 . 8637 

0.04 

0.2251 

1.3 

1 3389 

9 

1 . 855 1 

0.05 

0.2540 

1 4 

1 3789 

10 

1 . 8537 

0 Oh 

0 2805 

J.5 

1 4154 

1 1 

1 .8479 

0 . 07 

0 3049 

1 6 

1 .4492 

12 

1 .8410 

0.08 

0 . 3272 

1 7 

1 4804 

13 

J 8363 

0.00 

0 3495 

1 8 

1.5134 

15 

1 . 8203 

0.1 

0 3699 

1.9 

1.5303 

22 

1 8014 

0 15 

0.4000 

2 

I..56I3 

25 

J .7945 

0 20 

0 5375 

2 2 

1 . 0002 

30 

1 7854 

0 .‘10 

0 6550 

•» r, 

1 0022 

40 

1 .7735 

0 40 

0.7724 

2 8 

1 .7108 

50 

1 . 7048 

0.50 

0.8660 

3 

J . 7320 

00 

1 7559 

O.tiO 

0 9477 

3 4 

1 77JS 

70 

1.7647 

0 70 

1 0217 

3 7 

1 . 7949 

80 

J 7534 

0 80 

1 .0859 

4 

1 8137 

90 

1 .7620 

0 90 

1.1445 

5 

1 8488 

100 

1 7472 


]t will be noted that- when Q is negative and P- < | | , [P'^~\- is ima- 

ginary and Eipi. (8) eau be solvcfl with the help of trigoiiomclry hut not algebrai- 
cally, 

The exju’ession for o as given in Eqn.(8) ean be reduced to a simpler approxi- 
mate form when one of the terms under the square root hecomeH small in com- 
parison with tlic othci'. Thus when > L, i.e. Q is positive and << 


■ 4L 




get (see Appendix 1 ) 


v/8i? [ 

JJF-L [ 


= \/3i? 

' OF 


{cm-Lf 


... (4) 


Or 


\/'^x r|_ 

"" aR{x ~l) L 


(4a) 
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As a further approximation when CR^ > > // wo may neglect the term 




and E(jn (4) reduces to 


ta — 


y/;iR 

GR^-L 


(5) 


This shows that when L is so small that <i< the small inductance associated 
with the anode load resistance causes an increase in frequency. In the limit 
when L — 0, wc got the simple expression to — \/3IGR 


When Q is nogativo and | | , solving Ecpi. (.‘1) trigonometrically gives 


to - 2 cos X 




where r ^ | | and eos^ — PjQ^I-. Substituting the values of 7-*\^and Q, 

_i, Sl6'ie2 


1 /OR‘ _A- .y 
•MV \ L / 


iL 




When K IS vci'.v small Jiqn (fi) |•t■(^ll(!es to (soc Apjiomlix IT) 
1 , s/SR 

" - VW ■' 2L 


... (ha) 


(7) 


Or ill terms of x. 


_ y-W 1 + 

GR \ ' 2 / VPG \ ^ 2 


1^ / 

VPG 


(7a) 


This shows that Mheii R is of the order of 0 the irequeiu-.y generated by a 
3-phasc oscillatoT is approximately equal to the fretpiency generated by au 
orthodox L—(-' oscillator with same circuit parameters but always greater than 

ily/LV. The expression oi ^ \ly/ LC in case of 3-phasc oscillator can also be 
obtained by putting i2 — 0 in Eqn. (2) but from the expression for tan 0 it is 
obvious that osiullatioiis cannot be maintained when i? = 0. 

The above Eqn. (6) holds good in the case OR^ < L upto the limit P^ --- \ (P | . 
Under this limiting condition cos ^ — i and hence cos ^ — J 


(0 — 




V'AP 1 
2L^C J 


... ( 8 ) 
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It will bo aotocl that when the above eoiiditioii holds, — 0 and the same 

expression for w is also obtained directly from Ec^n, (3), 

When, on the other hand, 

\P + (P2 -h is of the order of (2P)’/3+ ^ {2P)^‘^ and [P— 

is of the order of — ^ j 

■.■ ca = (2/>)i'»-|--« (27>)i/3 ... (9) 

Or, in ierms of x, 


(0 


I’si 


x'l-^ix - 1) (a- - \)^- 


(Oa) 


For generating very liigh froijiicncy the magnitudes of P, (■ and L should lie 
very small; (CR-^L) is then usnaily a very small (pianlily In Ibe special ease 
when CR^- -L — 0 i.e. x — i, Eejn. (ha) rednoes to 


1.201 

CB an 


( 10 ) 


Conditioji ;for Maintenancxi of Oscillation 


We have so fai oonsidcied the phase shift per stage nece.ssary to piorlm-e 
oscillations. For niaintenance of these oseillations the gam A ])fer stage must 
at least be unity. If anode load impedance of ecach oscillator stage is as givi'U 
in Eqn, (1). this means 

GnA) ] 

where is the mutual conductance ol the osrillatoj' valves. To evaluate 
From Eqn (1) in terms ot (jircuit pai aiiietor.s no have to substdute the value oi 
to in terms ol these parameteib 'raking to as given by Fqn, (3b), we tuid 






/ f ^ + 1 


(■? 

For a particular combination of C',R and L, sinee, x and K are pure numbers 
IS obtained in terras of R only. It is easy to sec that Z,, nan likewise be expressed 
in terms of any one of the circuit parameters. The magnitude of Z^ in terms of 
JR for various values of x and the condition that has to be satisfied to maintain 
oscillation in those cases ai'e given in Table II and plotted in figure 2. It may 
be noted that when P — 0 we have the siniple R -- C oscillat-or and w -- \/3/6’P, 



0M R 
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Kjp. 2. 



X 


Zo ill lorins of ii, and (jm R I'oquii’ed for mainijpnanfo of oscjllatitm. 
For difforont values of a*. \ 


M^ABLR n 

m .r and iniiumuni R l‘o]* DKoillatiofi 


X 

Zo 

Mm. fffr,R 

Remarks 

00 

0.5 K 

2 

Purely resistive load 

e . 004 

0.53 11 

1 .866 

1! 

(• 

0.546 Jtl 

1.813 

5 

0.568 R 

1 .759 


4 

0 603 R 

1.659 


3 

0.666 R 

1.60 



0.792 R 

1 263 


J 

1.221 R 

0.81S 

CJR'^ ^ L 

0.5 

2 R 

0 6 

ZB 

0.3 

3.06 R 

0.327 


0.1 

7.342 R 

0.136 
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ZtQ — RI2 and ocmditiou toi niamtenuiu-e is y„^ 2. When It — 0, w is of llu> 

order of ijy^LC (Ecjn. 7), is very Jarf^e and oseillatioii (!an be maiutajned 
with only a very small value of 

N A T U B E OF V A B I A T I O N OF u A\' a T H T H F T U N I N (J 
PARAMETEJtS IN THE T H K E E - F H A S E OSCILEATOB 

The equations deduced above jj^ive the variations of (o wlieii the tnninj^ 
parameters are changed. Some important results are obtained if wi* study the 
variation with any one parameter at a time. 

(ri) V(irmh07i of w u'ltk R 

1. In the ease of the R — (l oscillator the freipieney is given by oi — y/H/t'-K. 

([!) 

OR (R- 


and is always negative, 

2. Ill th<‘ ease of the It />— t’ oscillator the real value of o is given by 
Kqn. (3), but it is rather difticult to find doj/dJK from this ex}>reKHion lor w. It is 
more convenient to find dcojOR starting from Eqn. (2) Thus if we put 

MJC + - L) - y/'iR - F 

then 

d(o dF I dF ibiCR — \/3 ^2) 

OR ' m! dco^ 

P’or any particular set of values for R, L and C, vc find w fiom Kqn. (3) and substi- 
tuting this value of co in Eqn. (12) w'c get doijdK. Now from Eqn (2). t- 

{OR^ — L) — and hence Eqn. (12) may be written as 


dci) _ — 2i>iCR 


dR ^ 


2oWa d- 


VI? 

CO 


(12a) 


The denominator being always positive, we sec that the nature of variation of 
CO is dependent upon w^hethcr 2oiOR is greater or less than ^/2. In the limit 
when 1/ == 0, wo have the simple R-(^' oscillator and co = y/^^jCR and Eqn. (12a) 
gives 

dcD V'B ^ — V 

dR ^ ~ V^Rjbi “ H GR^ 
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exactly as in Equ. (11a). Equation (12a) further shows that if the set of values 
of Rf L and (J is such that \/3l2CR > oi, doj/di? is positive for the R—^L — C 
oscillator and not negative as is always the case with simple R—C oscillator. 
In fact for very small values of R, do^JOR is always positive, since 2 CR^i approaches 
zero as R becomes negligibly small. 

Further if R is gradually increased, keeping the above magnitudes of L and 
U constant, we come to a value of co — '\/^l2CR for which dw/diJ = U. This 
maximum value of w for which dtii/djR — 0 may be calculated as follows ; 

We have where R^^ is the value of R for which daldR = 0. 

Substituting this value of R in Eqn (2), we have 

— ---- — oiL — 0 

4aj( 

or 4:Oi'^LC -3^0 

Solving as a quadratic m 2 m^L(\ we get 

‘2(Ai^LC = 3 or —1, 

the negative value being obviously madmissiblc 

= L 



These equations show that if tlie ratio LjC is kept constant! the maximum fre- 
({uency for which duldR — 0 will correspond to a fixed value of resistance irres- 
pective of the individual magnitudes of L and C The magnitude of the maximum 
frequency which depends on the product L6' will however be different for different 
magnitudes of L and C. 

For further increase in R, Sia/dR is negative and at a certain value of 
R the frequency of the R -L~C oscillator once again bee, nines equal to y/SjCR 
as if L wore not present. This value of K for wliich the presence or absence of 
L makes no difference in the frequency of the oscillations may be obtained by 
putting CO ^ \/3/(7i2 in Eqn. (2) This gives 


CR 


OR 


- ^y\^R - 0 


or 


V3L / 3// 

GR \ 



which ds satisfied by 

/ 


(i) and (ii) CR^ == 37, 


(14) 
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Oonciitioii (i) is obvious and condition (ii) gives the desii'etl value of R, 

It is intorcsting to compare the value of at the same value of to, tor 

the two eases — (i) R - C oscillator and (ii) R—L—(' oscillator with R -- |3///6’J1 
i.e., CR^ = 3iy For case (i), daldR — — '\/3/('iJ‘‘* as already seen, For case 
(ii), substituting to ^/'SjCR and L (■R^|‘^ in Etjii (12) gives 



Tliis shows that for the same value of to with a particular value of R and T the 
sta,bility of frequency with rosjieel to variation in R is higher if an inductance 
L CR-j',] is included m series ith the anode load resistance 

To minimise this type ol‘ froquencv variation it is ob\'iouslv best to work in 
the region where (5 01 — 0 Since we have two Ecpis (1 3a ami 13b) and three 
(piantities R^^ax , t-/ f<> estimated for the desired value of oimax 

maintained, we have a widt^ choice in the selection of these ])aramcters From 
the point of view of riiductoon in trequency variation due to changes in valve 
iiiter-electrode ca])acitances we should select as large a value of as is ])osHible 



RESISTANCE (OHMS) 

Fig 3. Variation of Frequency with ReHiHlmuiH. 

Thus if the desired frequency is 20 Me/s. and is to be obtained with C ^ lOO/t/^F, 
Eqn. (13a) gives X is of the order of and Eqn. (13b) gives 22^, is of the 

order of 68,94 ohms. 
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The fiequeiicjOM calt ulatetl according to Equ. (3) for different valueK of H 
and (i) with lixed valncB of h and (• for R~~L—C OBcillator and (ii) fixed value of 
OHcillatur are given in Table Til and the variations of frequency 
with R are piottcd in Fig 3. The (iurves in Fig. 3 further show that for the 
typical values of L and (' chosen in the example although dto/dli is negative in 
eiiher case for values of Ji > \LI2C]K the magnitude of dtaldR is lower for the 
RLC case for moderate values of R. As R is further increased daijOR becomes 
equal for the tw o cases and for still larger values of R, doi/dR for the RLC case 
becomes higher than that for tlio RC case Again foi very high rcsistaures the 
.slopes tend towards equality 


TABLE III 

Variation of fri^qiieucy with R 
C == .S{).4////F; L -t-- 2:2211 nH 


E in ohms 

Froqueiiey in Mc'h 

1 

Anilup) 

H - r.-v 

E-C 

1 

6 

11.672 



13 6 

12 02 



22 

12 367 

^ 06 

0) 


32 

12.717 



52 

13.237 

” 0 
o C 


70 

13 66 



80 

13.663 



100 

J3.802 

2 ’P «ij' 


in, 6 

13.812 



138 

13.723 



100 

13.606 

-2 Ji s 


185 

13.413 

0 


200 

12 91 

15.417 

-2.507 

228 

12 348 

13 620 

1 172 

273.6 

11.27 

11.27 

0 

323 

10 044 

9.662 

hO.482 

360 

9.169 

8.665 

0.694 

400 

8.296 

7.709 

0.687 

410 

7.930 

7 403 

0 627 

450 

7 . 370 

6.862 

0 618 

500 

6.613 

6.017 

0.446 

600 

6.427 

5.139 

0.302 

700 

4 002 

4 404 

0.198 

800 

3.994 

3.8.54 

0.140 

000 

3.527 

3.429 

0.098 

1000 

3.156 

3.083 

0.072 
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(&) Variahon of <o wiDt L. 

This cast? applies only to the R—L (' oscillator and jiroccciluig as already 
discussed wo get 

()R I dF o)(]- 2L6’to-) w(l 'lU'iS-) 

dL OL I dco 7.) :y^!f ... (U>) 

' 4 - 

(0 

Here also, as in case of variation of o> witli R, the nature of \ arintion of co is tlo- 
pciidoiit upon whether is groat(‘r <ir less than unity For negligibly snuill 

values of L, dt^^jdL is positive and with increase of L the rate is gradiiiilly reduced 
to 7.ert) and thereafter d6i/d7i beeomef^ negative The luaxiiuuui valiu' of m ivhen 
dro/r?i> — 0 is given by - l/]2C'A/^„^J4 wheie is tlie \ aloe of fj Joi 

which dftijdL — (l Siibslitnhug this value ol Ftpi. (2), ve get. 

- l\/36)f7f 1-0 

^'^ntax - (^/•^ i '2)I'2('R 'fhe negative sign is obviously niadinissibh'. 
and lienee 

f'W* ^ < Sbti/r/i* and L,„ajr - 0 14:ir> (dt- .. (17) 

Aftei readiiiig niaxinuun tre(|uenev Inr L - /v,,,,,,.. fio)!f)L beeouies negative 
with fiii-ther int reasc in L, At a certain value of L greattn* than the fre- 



O|23«0670 
INDUCTANCE (UH) 


Fig. 4. Variation ol froqiioncy with inductance, 
quency becomes equal to that of a simiilo 72— f oscillator. This value of L is, 
as before, given by ('R^ = 37^ 
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The frequencies cftlciiJatert according to Eqn, (3) for different values of L 
anrl with fixed values of R and C are given in Table IV and the results are plotted 
in Fig. 4. 


TABLE TV 


Variation of frequency with L 
C = 89.4////F; R = 273.5 O 


Tnduotanco 
m jxH j 

Frequency 1 
in Mo.'b. 

Imluctunee 
in fiH. 

Frequency 
in Mc.'s. 

0.1937 

11.580 

6 

H 1713 

0 . 5444 

J 1 . 979 

7 

7 066 

0 7087 

12.085 

8 

7.2042 

0.9693 

12.147 

9 

6 834 

1 .062 

12 136 

IJ 00 

6.216 

1 30 

12 06 

13.374 

5 . 6063 

1 749 

1 1 . 725 

15 00 

5.3179 

2.2277 

11 .27 

17 00 

4.979 

3,2386 

10.26 

20.00 

4.6968 

4.1824 

0.4165 

30 00 

3.677 

6.2923 

8.6261 

40.00 

3 1776 


(r;.) Variation of w with 0. 

1. In case of R—C oscillator o) -- y/^fCR and 

dm ^^3 

dc ~ am 

and is always negative. 

2. In case ot the R~~L (' oscillator. 


(18) 


dm 

To 


dF 

~dC I dm 




'2mmK1+ 


V^3E 

61 


(19) 


and is always negative. When () is negligibly small, Eqn. (2) reduces to mL~\- 
\/3J? — 0, i.e, oscillations arc not possible with very small values of C. At 
a value of C = SLfR^, m = mj^^ — 's/^^ICR — Rj^/^L, and substituting 
CO —^/ZjCR and L — CR^jS in Eqn. (19) w^e get 


d(o 4 4 / dm \ 

JC “ 5 (WR 5 \ dc Jmc 


( 20 ) 
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This shows that with apartioolar rombination of i? and C, the stability of Iroqucucy 
with respect to variation in is higher if an indur*tanc,e L ^ is incliidod 

m series wiili the anode load resistance P]qiiations (15) and (20) show that this 
indiictanco improves freqiiene;\" stability with regard to variations in R as veil 
as C 



CAPACITANCE 

KifT j, Vai'iiitioii <)l frcquf'iM’V with fupuoiturcfj 

The freciiiencies calculated according to Kijii (:-l) foi dilfereiit values of C 
and (i) with fixed values of and R for K h (> oscillator and (ii) witli fixed 
value of R for the R -C oscillator are given m Table V and tlio lesults are 
plotted in Fig. 5. Tii the same figure the variation of fre((ueney with capacity 
for same R but L — 10///i is also plotted. 

E T r E C T O E CATHODE C I H C U ] T IMPEDANCE ON 
OSCILLATOJt EHEQUENCY 

The imiiedancc of the cathode circuit of an oscillator valve may bo resistive, 
inductive or capacitive depending on fho magnitude of cathode biasing capa- 
citance and operating frequency. The nature of impedance of the cathode cir- 
cuit at tlifferent frequencies with different circuit components has been discussed 


7 
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in Part 1 in c.omiection with R—C oscillator with non-iiiductivc load resistance. 
It has been pointed out there that the effect of cathode impedance Zj. on the oscil- 


TAJ3LE V 

V ana till! of frequency vvith (J 
R 273.50a ; L ^ 2.2211 


Cupncttancc i 

Proquoncy in Mc/r j 

Capacitfinci' 
in fx^iF. 

1 l'’j’eqijency i ri Mc/s- 

m fXfih 

ft-L-C 

1 R-C 

1 R-L- C 

R~C 

40 

19 I'l 

25 19 

120 

8.743 

S.420 

4U . 5 

17 Of) 

20 04 

133 

7.975 

7 578 

38 

15 355 

17.35 

147 

7 276 

6 . 856 

60 

14 039 

15 27 

176 

0 184 

5.772 

70 

1 2 . 605 

13 26 

207 . 4 

5 . 236 

4 . 860\ 

4 478 \ 

83 

11 633 

11 857 

225 

4 821 

89.4 

11 27 

11 27 

275 

3 937 

3 664 

90 

10.556 

10 499 

375 

2 . 845 

2 694 

100 

9.724 

9 . 509 

480 

2.209 

2.120 


lator load is to (hange its effective value When, for example, the screen is 
(lecouplerl to ground the anode load is cliangerl to (Sturley, IH40) 


^c// ^ - 


1 f 


( 21 ) 


where <//- = r/,„ gr„ b(;mg screen current-grid voltage slope conductance. 

The presence of some iiniicdance in the i;athode circuit also influences the 
input admittance of the valve which becomes perceptible only at high frequency. 
Tn the present case the effect of change in input admittance on the oscillator 
frequency which is very small, has been ignored. 

Substituting the value of Zq from Eqn. (1) w'e find, on simplification, that 
the phase angle 0 of the effective load is given by 


f.,. n _ - g,Xli 

li(l + g^r) + uX?* {L uW? - C'B“) 


( 22 ) 


where r and X are the resistive and reactive parts of the cathode impedance. The 
frequency of the oscillation is given by tan 0 


/o _ gj^r] ~ gj^XR 

R{l-\-gtr)T<^Xgj.{L-ci^L^C-^ “ 


( 23 ) 



51 


Three-Phase It-C (Joupled Oscillator^ etc. 

Near about the resonant frcqueiiey of the cathode circuit ilie magnitude of 
the reactive component X is negligible and then the frecpiency of osiMllation is 
given by 


7il(l 

or Ij) -yAm -- 0 

which, as expected, is the same as Rqn. (2). 

When tlic gciioi'ated frecpiency is greater tlian the resonant fieipiency of the 
cathode circuit the cathode irnpedauee will be indiictii^e and \v(* may put X — 
WjZ/', where 

L' — effective inductance of the cathode ciicuit which is also a function of 
the generated frequency w,. 


Equation (23) then reduces to 


- A(Jir)+ - A) + co,/v'|7i « - 0 • ■ ■ (i^4) 


This being a bi-quadratic equation in it is not possible to have a simple 
solution. It can however be shown that when the cathode circuit is inductive 
the generated frequency decreases. This can be seen by comparing Rqn. (24) 
which may be put in the form 






(24a) 


and R(pi (2) according to ivhu^h the generated freipiency is to Avhen the tiathode 
circuit is resonant, given by 

owc I i^{cur--L)- o 

Since the right hand side of Eqii. (24a) is essentially a negative quantity, Wj to 
because the anode circuit parameters L, t) and R are maintained constant. 

The absolute difference between to and toj naturally depends upon the magni- 
tude of 4tOj^77V/;fc72/(l~f-<7*r-f When either gi- or R or both are small 

CO— toj is also small, i.e the influence of cathode circuit on the oscillator fre- 
tpiency will be small. 

Similarly when the cathode circuit is capacitive i.e. the generated frequency 
is less than the resonant frequency of the cathode circuit, we may put X = 
— l/togC^' where C' — effective capacitance of the cathode circuit which is of 
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v.aaiHD a function of the generated frequency Equation 23 then reduces to 






<ii2C’'( i + g^.r ) ■}/ 


(25) 


Tho rif^hi hand side of TSqu. (25) may be poaitxve or negative depending mainly 
on the magnitnde of C'. It may be mentioned here that in any practical case 
(y never reaches such a low value as to make Qi/) less than l^he 

right hand side of Ecpi. (25) will theji be positive. Now oomparmg J5qii. (25) with 
Eqn. (2) we at once see that co, since the anode circuit parameters L, C and 
H are constant. The absolute difference between cog and co being dependent on the 
magnitude of 4(7j.i?/{to/7'(l -| c/j^r)— \/3grjt}, when either g^. or R or both are small, 
cou — w is also small, le the influcicce of cathode circuit on oscillatoi' frequency 
will be small. 

n O N C L t J S J O N 

The effect of an added ifidiudance in scries with the load resistance of the three- 
phase oscillatoi', and in such ease the effect of cathode impedaiice, on the frequency 
of oscillation lias boon discussed in detail in the present paper An intereWiug 
feature which has been oliserved is that 5(o/d72 and dco/dL may have both positive 
and negative values. These features can be utilized to eliminate frequency varia- 
fioii of tho oscillator due to change in tcmpeiature. The effect of cathode impe- 
dance on tlie oscillator frequency is very small unless the eatliodc cii'cuit resonant 
frequency is far off from the generated frequency and Q factor of the anode 
circuit is very low I’hc conclusions arrived at dilTcreut stages of this paper have 
been verified experimentally. The results of such observations and detailed 
design procedure for better frequency stability of the oscillator are being communi- 
cated separately 


where 


APT BN]) IX T 

oi^[p+(p2H (PM-C^")^r“ 

„ W^R , .. CR^-L 

imj -im! • 


When Q is positive and << Q^, 
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neglecting other terms which are, insigjufieant in magnitude. 

1 , p4 


=«* [i+ ’ ( 


P 

Qm 


1 g* 


5 / P ,1 


S Q} 

+ 


is of the order of 




S I \ 

1 P 


\ 1 / 7^ 1 /’“ 

/ {) ” i! (/^ 
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1 1 — ^ 

' 3 ’ iH(p 
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SJ 


1 p* y-* 

s ' 


5 P^ ] 

210 J ■ 


SiniilaTiy [P--{P^ \ 


is of the order of — 
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3 
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JS Q'^ 
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si ' 210 g'* 1 
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Substituting the values ol P and Q 


(0 


V3P , 37i:27>2r I 

^ 77 ^- 7 . L {aiP-Lf J 


APTENJ^iX II 

AVhen R IS very small, (-IP < L and P^ < (p 

p 

Under those conditions cos <p — 

and Ave may put 0 ^ ^ fi, Avhcrc (i is very small 


^rhen cos ^ ^ cos ^ 30° — (j ) of the order of ^ I i f 


Now 




-T) 


P 

QV2 


of the order of ^ X ) 

^/■AB (ZLCyi^ . . . X i\A \ 

• -— 18 of the order of 3 V i I ' 2' X' / ' 
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cm 


Npf^lentin^ ' - - w^hich is very small iii cuinjiarison to ], 

2 ij 

, ^ m IC P SR L 

(osfl fanp--^^yj- or 

, d V ‘1 t I /f 1 f /., , 3fl / a 


and 


Substituting this value of cos ^/3 in Equ. (h) 

Vl^ 


Vlc 




■iL 


II E E K E N C X] S 

Rakshit, H. and BliatUohaiyya, K. K , 1946, Ind. J. Phyi, , 20, 17], 
llakshit, U . and Mallik, M. C., 1963, Jour. Sci. <b Ind. Bes., 12R, 30. 

Rakshit, H. and Mallik, M. C., 1955, Ivd. J. Phys., 30, 534. ^ 

Stiirloy, K. It., 1949, Radio Receiver Design Part Oiio. (Chapman & Rail, Londo^). 



Jleitat6 to the £dtitot 


Th^ Board of Editors will not hold itself responsible for opinions expressed in the letters 
published in this section. The notes containing reports of new work communicated for this 
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DIPOLE MOMENTS OF LONG CHAIN DIGARBOXYLIG ACIDS 


H. J. Jt. MOHAN RAO and S. R. I’ALII' 

Dei'Ahtmknt of TuYsicAii Chemistry, 

Inhtan Association i^’or the Cuetivatjon of Science, Jadayi'uh, Caec'Utta-32 
{Beceived^ Noneml)er 15, 1959) 


The lietcTodyac bea,i, apparatus used in our uieasuicuionlR has beeji dosiguod 
and construclod liy a niodifieaiion of the circuit used by Straiiathan (J934) and 
Teriuaii (1947). 'I'lie apparatus has been stajidardiscd by dctorminiiig the dipolf 
moments of known compounds and the values obtained are found to bi^ in good 
agi’eenieiit Avith the literature values. 

All the substances are ciystallised twice fi’oui alcohol and their purity checked 
by their ni.p The solvent p-dioxane is purified by the method adopt(‘d by 
Rieehe and Milas (1955) The dipole nionient is calculated by the following 
e(|uatioii deduced by Palit (1952) from the data given in Table J 




3(6,- 71,2) 
2)(V I 2) 



_3ao_ 

d,(6, + 2)2 
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TABLE i 


Solvent ■ p-Dioxano 




Tern]) 

: 35“(1. 

Substance 

Formulae 

Oo 

ho 

Vo 

10 'IS CHtU 

Adipic acid 

(CH,.),.(COOU)d 

3 4975 

0 12434 

-0.44899 

2.50 

Azoleio acid 

((JH2)t.(COOIT)„ 

3 9027 

0 89863 

-0 17564 

2.71 

Sebacic acid 

(CHa)f, (OOOH)2 

3 9999 

0 09292 

- 0.01901 

2.49 

BrasyUic acid 

(Cll2)„.(COOH), 

3 0822 

0 49372 

-0.09169 

2,68 

Tndecane 1 : 13 dicar* 
boxylio acid. 

(CH2)i3.(COOH)., 

2,8185 

0 01382 

- 0 19709 

2.35 

Hoxadecane 1 . 10 di- 

(CH.,)io.((^OOH)2 

2 6858 

0 0J691 

0.009438 

2.75 


carboxylic acid. 
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vvherfs ajicJ are tlie c3oncRntrati()n coefficients of 6, d and n respectivelj^ 

wiiich were obtained by statistical least square evaluation for these quantities. 

The ol).scrvcd dipole nionient for the homologous series of dicarboxylic acids 
ai'c found to be nearly a constant. This clearly shows that the dipole moment 
of dicarboxylic acids are independent of the number of (CHu) gi’oups attached 
in between the carboxylic acid groups. The dipole moment of adipic acid which 
w e have determined is 2.50 m accordance with the homologous series of dicarbo- 
xylic a(;ids where as the dipole moment of adijiic acid given by Tseng-Siin-Yao 
(1044) is 4.04. 

'rhaiiks are dm; to The Director and Dr. S. 8. Bhattacharya of National 
('Jhemieal Laboratory, Poona, for suxiplying materials. 

J4 E y E 11 E K C E S 
1952, J. Am C/mu. Soc , 74, 3962. 

Siranaihan, J934, Jlev Set. Instr., 5, 334. \ 

Terman, 1947, Uadio Bnguiooring, McGrow Hill. 

Tsong-Sun-Yao, 1944, .7. C/mieesa Chem. A’oe., 5, 236. \ 

Woissborgor, lO-lf), Toolmique of Organic Chemistry, YoJ. V’^11, iSocond edition, page 372. 
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ELECTHOMAUNETJC ISOTOPE SRPAllATOKS AND APPUCATfONS OF 
ELECTHO-MAONKTrCADLY ENKICHED ISOTOPES Hy J. Koch 

(Editor), R. H. V M. Dawton, M. L Smith and W WaJrher Pp. :D4-hix. 

Nortti-Holland PuhJishiiip; Company. Amsterdam. 1958. l\ii e 29 5 f^mldcis. 

This book lijivcH an aecounl ol gradual developuuMit of the lechnicpie for 
separation of stabJe and radioaelive isotopes m large (puintiti(‘s and also 
reveals the details of some methods whicli were guarded as ciose seeiets during 
the last year. Staitmg from the earliest elecjtromagnetie jsotojie separator 
coustnieted in 1934 by Olipliaut, Shire and Crowther whieh ^irovided isotopie 
samples of Li® and Li’, the authors proceed to describe other experiments 
for the se])aration of stable isotopes iueludiiig the separation of and 
|[)y Nier, Booth, Dunning and Grossc in 1940. In Chapter III a historical acjcjount 
ol the development of the tcchiiicjuc for the separation of artificial radioactive 
isotoiies has been given. The assignment of mass numbci to half life of some 
fission isotopes by Hayden has also been discussed in this chaptei’. Next, the 
recent development of isotope separators for iiroparing stable and radioactive 
samples for nuclear lescarch has been discussed in detail. Details ot design 
of several such separators installed in laboratories in different places such as 
{Stockholm, Uppsala, Gothenburg, Sah*acy, etc., have been given andpho to- 
graphs of the separatoivs have lieen reproduced. The history of the Unit-ed States 
and British projects foi mstallatiou of plants for production of isotopes has been 
given ill Chapter V. In the next few chajiters iihotographs of such alpha- and 
beta-type jiroduction units have been reproduced and details of the construction 
of ISO*’ and 90" sejiarators at Hanvell have been discussed with the help of 
illustrations. 

Chapter IX dealing with operational experience in the electromagnetic 
separation of isotopes gives very useful information regarding the method of 
separation of different tyjics of Isotopes, such as gaseous, alkali and alkaline earth 
metals, elements with very volatile chlorides, sulphur, halogens, lanthanides, etc. 
A chapter has been devoted to application of electro magnetically enriched stable 
isotopes. 

In part C (jompriaing the last three chaptei s, Dr. W. Walchor has discussed 
the general treatment of some problems relatcid to the design of modern isotope 
separators, such as mass analysing field systems, production of high current ion 
beams, space charge neutralisation in ion beams, etc. A complete bibliography 
has been given at the end of each chapter. 
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[t will appear from the above brief review that the publication of this volume 
is a f;reat boon to experimental physicists engaged in investigations in nuclear 
jihysicH and the authors will certainly earn the gratitude of numerous workers 
in this field in different laboratories ail over the world for taking the trouble of 
compiling and publishing this extremely useful store of information the part of 
which was not available in any existing literature. Tt may be safely predicted 
that every laboratory interested in nuclear physics will try to procure and use 
this book as a reference volume. 




PUOCEEDINCfiS OF THE SYMPOSIUM ON ELEt^TRONTC WAVJ5 GUIDES. 

Edited by Jerome Fox, New York., April, 1958. Pp. 418 1 xix. Tnt^science 

Publishers Inc 250 Fifth Avenue, New York. N.Y 1. Price $5.00. 

This volume constitutes a full record ol the Proceedings indicated \^y the 
title and includes besides the original pa])ers all the addresses and lectures 
delivered in the symposium arranged by the Microwave Pcscarch Institute 
of the Polytechnic Institute of Brooklyn and held ni April, 1958. The topics 
of the symposium have been divided under five headings, viz., State of the art, 
Background and recent developments, Plasmas, Mode and large signal theories, 
and Special phenomena and devices There was also a round tabic discussion 
on ‘Electron tubes and solid state devices — future trends’ in the afternoon session 
on the last day of the symposium. 

There are three papers on Traveling-wave tubes, New^ microwaves devices 
and Dynamic of plasmas and electron beams respectively under the first tojiK; 
and four similar papers under the second heading mentioned above. Six lull 
papers have been contributed under the topic plasmas. Similarly, there are 
six papers under the heading Mode and large signal theories and six papers 
under Special phenomena and devices. In the paper entitled ‘Travelling- wave 
tubes’ Doehler has summarised the work on the application of principle of space 
charge waves in the manufacture of some travelling wave tubes. 

Under the title ‘New microwave devices” Kompfner has discussed the 
development of amoiiionia ‘maser’ and ‘mavar’ amplifiers for microwaves. In 
a third paper read in this session by Gross who has reviewed the work on dynamics 
of electron beams and plasmas in which one-particle velocity distribution func- 
tions have been described, a new collective method in which the ionised gas is 
treated in terms of density fluctuations has been discussed. 

In the next session Marcuvitz read a paper entitled ‘General electronic 
wave guides’ in which he reviewed the analyses of propagation and diffraction 
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problems and the applieatioii of guided wave theory in Mdiieli aiialysis iJi terms 
of eoJd modes is involved, lie then presented an analysis m terms of orthogonal 
‘hot modes’ Tn another paper entitled “Eleeiroir beam Avaves in microwave 
tubes Haus reviewed the work on wave propagation along electron beams and 
interpreted the small-signal power theorem and the theorem lor longitudinal 
beams and deduced the equations of the magnetron amplifier. 

In a third paper Bunemau has reviewed the work on the hydrodyuamiiuil 
theory of electron clouds and its application to axis symmetric or planer-startitied 
systems. Similar Avork on fully randomized multi stream hot plasmas has then 
been reviewed. In the fourth paper of this session AJlis has discussed the w’^ork 
on the theory of plasma oscillations. 

In the next session Brarlshaw' discussed the results on cxpeiimeiital investi- 
gation on the phase shift and absorption experienced by a TEM microwave 
signal in transmission through a relatively long coaxial legion containing space 
charge. Agdui' discussed the theory of propagation of guirled microwaves 
through an electron gas in the presence of a static niagiietii* field In a third 
paper Whitmcr discussed the theory of non-lineai mteraidion of an elcclTomaguc- 
tic AA'ave Avith an anisotropic plasma and also the results of some experimental 
investigations m this line Tn this session Itydbcck delivcied a lecture on mtei- 
aetion between space charge waves and electromagnetic waves iii an inhomogene- 
ous ionized medium which has not been reproduced In the iourtli paper (loulcl 
and 'IVivelpiece discussed a ucav mode of wave propagaflon on electron beams. 
In the next jiaper iSmullin and Chorney discussed the theory of jiropagatioii of 
elect! omagnetic waves iii ion loaded Avave guides. 

Tn the first paper of the next session by Bernashevsky, Voronov, Iziumova 
and Tcliernov the results of an experimental investigation of double stream 
amplifiers in the metre and 10 cm range have been discussed. In the next paper 
read m the session Hok discussed the theory of electrokiiictie and clectromaguotie 
noise waves m electronic Avavegmdes and in another pajier Kino discussed the 
theory of mode projicrties of passive transmission systems. The fourth paper 
of this session by Kluver deals with a representation of the liouiidary conditions 
at the surface of a slow Avavo circuit and in the filth paper Wang and Mclsaac 
discuss a fundamental formulation of interaction equation iii electronic wave 
guides The sixth paper of this session by Kowe deals with the analysis of non- 
linear O-type backward -Avavc oscillations. 

In the next session the first paper read by Tebernov deals with the inter- 
action of electromagnetic waves and electron beams in ceutrilugal electrostatic 
focusing systems. Feinstein read a paper on emission of space charge wave 
energy into electromagnetic radiation and another paper on space and time 
harmonics in electron beams was read by Muller. The theory of interacjtion 
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botwoen an electron RyHteiii and arc discharge plasma has been dealt with by 
Boyd, Field and Gould in the fourth paper of this session. Fn the next paper 
by Etlenberg and Targ tlie results of an cxi)eritn coital investigation on plasma 
and cyclotion oscillations have been discussed and the last jiapcr by Wejbel 
describes soin(5 neAv jirinoiplcs for achieving interactions of electrons witli rarliation 
under high magnetic field of the order of 1,000.000 gauss 

It is evident thal the papers read in the symposium (;over the whole field 
of up-to-date development of theory and practical application of microwave 
technupie and the Proceedings w'ill be extremely useful to research workers hi 
this line. 
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ON THE ELECTRONIC SPECTRA OF a-FLUORONAPH- 
THALENE IN THE LIQUID AND SOLID STATES* 

S. B. BANEEJEE 

Indian Ahsoliiatton ron the Cultivation of Science, CUj.cLnTA-32 
{IteceAvcdt December 23, 19n9) 

ABSTRACT. Thu olucironic absorption sjiecira of B-lhioroimphLhalonu m tlio liquid 
and solid states havo boon analysed and comparod with tho spootniin of tho ooinponnd in 
the vapour statu reported by provious workers. The substanou jn difforeni Htaies is found 
to exhibit two systems of bands in tho 3200—3000 A.U. and 2900 — 2000 A.U. regions 9’ho 
0,0 bond of the first sysl/eni shows a shift ol 442 cin-i towards rod wjien the vapour is lique- 
fiud. When tho hqiud is solidified and cooled to - 180“C, (ho 0,0 band is further displaoud 
slightly towards longer ivaveloiigths and tho bands become sharpur. 'riie souond system 
of bands duo to tho liquid consists ol very broad bands and the 0,0 band is shil'tod towards 
red by about 1100 cni"^ fioin its positions m tho spectrum duo to the vapour. Wil4i solidi- 
fication of tho liquid no further change is obsoived in this system. 

INTBODUCTION 

Naphthalene and its imiuoderivatives arc known to exhibit two systems 
ol absorption bands in tho near ultraviolet region. It was observed in previous 
invostigatioiis (Dob, 1954; Bauer jeo, 1956) that with oliange of state and tempera- 
ture the bands of the two systems due to some moiiosubstitulod iiajihthalciio 
(tompounds undergo large changes uidicating strong mllueiice of intorniolecular 
forces on the electronic energy state. Such an inlluence in the case of fluoroiiaph- 
thalenes had not been studied befoie Tho present work was therefore undertaken 
to study the absorption spectra of a-lluoronaphthalene in the liquid and solid 
states and to eoinjiare the results with those due to the substance in the vapour 
state. 


EXPERIMENTAL 

The samiilc of a-lliioroiiaphthalene was obtained from Eastman Kodak Co. 
and v^as repeatedly distilled under reduced pressure before use. 1’hin films of 
the substance of thickness of the order of a few microns yielded the bands in the 
2600—2900 A.U. region while much thicker film Avas required to obf^ain the bands 
of the first system on the longer wavelength side. Tho spectra were photographed 
on Ilford HP3 films Avitli a Hilger El spectrograph. Microphotometric records 

* Gommanictttod by Prof. S. C. Sirkai. 
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of the speotrogranie were taken mth a Kipp and Zoiieii type Moll inicrophoto- 
meter. The wavelengths of the absorption peaks were determined with the help 
of inicrophotometne records of iron arc lines photographed on each spectrogram 
by the method described in an earlier paper (Banerjee, 1956). 

RESULTS 

Tlie microphotometric records of the spectrograms are reproduced in Figs. 
I ajid 2 aiul the frequencies of the bands in cm~^ with probable assignments are 

TABLE I 

Absoi'ptioii bands of a-lluoronaj)hthalene 

Vapour* Liquid at 2K“C Solid at 

Ramainuj'ty et al. (1007) PrcBont author Piesont author 



Wavo uurnboj' 
(oni“i) and 
intonaiiy 

Absigniuent 

Wavo nuiiihor 

(oin-i) and AHHigmuont 

intensity 

Wave nuxnbor 1 

(cin-^) and Assigihiient 
intenHity \ 


:J1H72 h 

0,0 

31130-8 

0,0 

31348 8 

0,0 

0 + 409 ' 


in 

0 + 409 

32093 mb 

0 + 663 

31817 m 

0/ 

:i2rjL'5 III 

0 +673 

32500 m 

0 + 1070 

32042 8 

0-1 094 


327 lU vw 

0 1-838 

32860 s 

0 + 14,36 

32416 111 

0+1008 

'i 

pH 

32918 

0-1-1046 

33630 8 

0 + 663 + 1436 

32786 8 

0+1438 


33307 m 

0-1-1435 



33002 w 

0+1068 + 694 






33474 III ' 

0 + 1438 + 694 


(Soparatioii 
from 0,0) 

30222 i) 

34100 ivb 

0,0 

34158 m 

0,0 


36399 

177 

35111 wvb 

0 1- 1011 

34982 111 

0+824 


3668.S 

461 

36132 wvb 

0+2x1011 

34158 m 

0-1-1375 

£ 

30063 

83 J 



36370 w 

0-i- 1375 + 824 

p 

S'* 

36341 

1119 





g 

36698 

1376 





o 

QQ 

36807 

1685 






37075 

1853 






37612 

2290 






38026 

2804 






38481 

3259 






♦Bauds uorroHpondiug to fundainoiital uiipor stato froquonciod only have boon 
included. 
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given in Table I. The Hpeetnim of the eoinpound in tlio vapour stall' was stiuliert 
earlier by Ramamiirty pt a1. (1957), whose data have been ineludod in the table 
for comparison. The eompoiiiKl hi all the three states is Ibiiiid to exhibit two 
systems of bands in the regions 3200- *3000 A and 2900 — 2600 A and these have 
been designated in this paper as the first and the second system respectively. 



— > r in cm-' 

Fig. 1 . Micvophotomctrio records of the u. v. ftliRorpj.ion sppct.ra of o-fluoronaph- 
thakuio (first systoni). 

(n) 1 ,1 quid at 28'’C! (b) Solid at - ISCC 



— > r in cm~^ 

Fig. 2. Miorophotometric records of the u. V, absoiption spectra of n-fluoronaph- 

thalene (second systeme). 

(a) Solid at -180“C (b) biqiiid at 2H'’C 

(Tho bands marked I belong to tho f st system) 
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DISCUSSION 

('/■) Banda of the. first system. : 

The absorption spectrum of a-fluoroiiaphthalene in the, vapour state shows a 
number of bands with the 0,0 band of this system at 31872 cm"^ (Ramamurty, 
Rao and Rao, 1957), the otlior band representing excited state vibrational 
fi equencies 409, 673, 83S, 1046 and 1435 cm“*. In the spectrum due to the liquid 
iivo bands are observed, the first band on the long wavelength side with its centre 
at 31430 cm“i being assigned as the 0,0 band (Fig. 1). This indicates a shift 
towards red of 442 cm“^ of the 0,0 band with the liquefaction of the vapour. 
The other bands in the spectrum of the liquid are a little broad and are found to 
corrcsiiond to excited state fundamental frequencies 663, 1070 and 1436 cin“^. 
Owing to the broadening of the bands, the 409 cm"^ band merges w'lth the 673 
cm“^ band. In the spectrum of the solid at - 180“C seven bands are observed, 
which arc sharper than those due to the liquid. The 0,0 band, which is the first 
and the most intense band of the system on the Jong wavelength side\ is at 
31348 cni'ij showing a further shift towards red by 82 cni“^ with the soMifica- 
tion of the liquid. In the case of the solid, bands corresponding to the excited 
state vibratiojial frequencies 469, 694, 1068 and 1438 cni"^ are observed. 

The shifts in the position of the 0,0 band with change from vaiiour to liquid 
and from liquid to solid slate are similai to those observed in the case of a-chloro- 
aud a-bromoiuiphthalene (Deb, 1954) This indicates that in the c*asc of this 
molecule also the excited eJectronic energy level is lowered by the interm ole- 
cular field in the condensed phases of the sub.stance in the same way as observed 
in the spectra of the other two comiiounds 
[u) Bands of the second system . 

The bands in the .spectrum of the liquid in this system are broad and are 
.separated from each other by about 1011 cm“'. The long wavelength edge of the 
first band is at about 34100 cm“h In the ease of the vapour broad and diffuse 
bands have been reported by Ilamamiirty et al. (1957). The first band on the 
long wavelength side at 35222 cm-^ has been taken to be the 0,0 band and this 
band is accompanied by tAvo other bands on the short wavelength side separated 
from it by 177 and 461 cm ^ respectively. Other bands in the spectrum of the 
vapour are also similarly grouped, the mean ^separation of 461 cm~^ being quite 
Ijrominont. In the liquid state the (joalescence of the bands in each group 
perhaps produces the broad bands and the long wavolength edge at 34100 cm“^ 
may be taken to be the position of the 0,0 band. Thus, the liquefaction of the 
vapour results in a large red shift of 1122 cm-^ m the position of the 0,0 band. 
Tills shows that in the case of tliis c,ompound the influence of in tei molecular 
field ill the liquid state is greater on the second system than on the first. In the 
.sxiectmm ol the solid at — 180“C, the bands arc still broad anrl the position of 
the 0,0 band lomains almost unaltered vdth solidification 
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Thus the main changes in the spectra of both the systems are found to take 
place with change from the vapour to the liquid state. I’his probably indicates 
formation of strongly associated groups of the molecules in the liquid state due 
to the presence of highly active fluorine atom in the molecule. 
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ON THE Fs-REGION OF THE IONOSPHERE 

S. DATTA 

Institute of Radio Physios and Eleothonios, Calcutta 
(Jiecrived, December 22, 1959) 

ABSTRACT. Calculations of the total oleotron production rato in a column of unit 
(‘,ross-apction extending from the “bottom** to the maximum electron density height and of 
j/ho moan production rates in difforonl. parts of the ti'f’ made with tho help of the 

attaohinont ooofficienl model suggested by Ratchffo et ol. (195(1). It is foiiiid that tho results 
are oonsistont with those oxpoctod from tho hypothesis of Bradbury for tho formation of tho 
P2-rogion. The calculations arc rnado by the mothml suggested by tho author (1958). 

INTRODUCTION I 


The diurnal variation of electron density N al. a given height in an ionized 
region, neglecting the effects of JuovemontH, is governed by the eqiiationl 

■^= q - KW< ... (1) 

where q = electron production rate 
electron loss coefificient 

and ^ = I or 2 depending on the electron loss proeess. 


In the E and regions the effects of movements are negligible. For these regions 
Eq. (1) may be utilised for calculating tho production rate from the experimental 
dN 

values of ^ » iind A provided the loss process and the loss coefficient K are 
at 


knoAMi. In the F^ region, however, movements of the electrons produce changes 
ill electron density at a rate comparable to dNjdf of Eq. (1). Computations of 
production rate with the help of this equation caimot, therefore, yield reliable 
values. 11. is also not possible to take account of the effects of the moveTnents 
in the computation as little is known about their nature and magnitude. Further, 
the height of the F^ region has large diurnal variations and its thickness also changes 
considerably at times. Tliese diffi(;ultieB notwithstanding, study of the pro- 
duction rates in different levels of the thick F^ region, is desirable for testing 
the theories of the formation of the F^ region. 

A method of computation of such production rates was therefore proposed 
hy the author of this paper. The method consists in dividing a column of unit 
cross-section of the region extending from the “bottom” to the height of maximum 
eleQtron density into four sections of equal length. Mean production rate in 
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(juch. ot tli6S6 SGcilouu (siiiiic SjS iiieaii protliictiou rate iii foul’ (lifferont partst^of tbo 
thick region) is computed from the rliurnal variation of the total nimiber of 
electrons in it. The total production rate in the ‘‘unit column” of the F 2 region 
and the mean production rate in the region are also computed. Such computa- 
tions obviously minimise the effects of layer movement as a nhole, movements 
of electrons, and layer coiiti-actions and dilutions due to thoj inal clianges. There 
is, of course, the provist) that the fraction of the total number of electrons })resent 
in each of the four “unit” sections is not changed. Mean hourly values of N at 
a senes ol heights in the region over Slough for the months of January and 
March, 1950 on international quiet days Avere utilised for the computation. 
‘‘Tables of i^’g-layer Electron Density on International Quiet Days” computed 
by Schnierhng and Thomas (1955) were obtained Irom the Uadio (Iroup. Cavendish 
l.<aboiatory, Cambridge, England. The height A^ariation ol‘ the attachment coef- 
licient as suggested by llatclifte el at. (1956) from night-time observations over 
Slough, Watheroo and Huancayo, was utilised. 

In the paper of the author reterred to above (Datta 1958) the diurnal varia- 
tions of the iiroduction rates (as mentioned above) Avcrc deJineated foi- the month 
of January, 1950. In the present paper, comijutations are made of the same 
parameters for the month of March of the same year. Values of the mean iiro- 
duetion rates have also been calculated on the basis of Bradbury's (1938) hypo- 
thesis for the formation of the F^ region 'rheso are compared Avith the results 
foi’ the two months, January and March, 1950 obtained by the suggested method 
of analysis. 


RESULTS 


Fig. 2(a) depicts the diurnal variation of the total number of electrons 
n in a eolumn of unit cross-section extendnig from the “bottom” to the height 
of maximum electron density in the Fg^’^gion oAmr Slough for the month of March, 
1950, Fig. 2(b) sho\v,s the diurnal variations for the same month of (r — 
1, 2, 3, 4), the total number of the electrons in eacJi of the four sections of the 
eolumn taken in order fiom the “bottom”. Dourly values of the number of 
electrons and the loss rates in each of the sections were calculated by Simpson s 
rule for numerical integration. Loss rates w'ere calculated Avith the help of the 
height variation of the attachment coefficient as suggested by Itatclitfe et al. 
(1956) and extrapolated to a height of 200 Km. (Fig. 1). To obtain half 


hourly values of 


/ dur \ 

\ dt f 


and Hf a linear change between the hourly values ol 


Uy was assumed. A (pi assi -equilibrium condition in each of the columns w^as 
assumed from 10 hrs. to 14 hrs. feiuch an assumption is justified in the iieighboui- 
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hood t£ the midday when loss rate and production rate are much larger thaoi 


I \ 

\ it / 


The diurnal variations of mean production rate for the month of March, 



Fig. 1. Height variation of tho attauhinonl coefliciont ^suggested hy Baieliffo et al. (1956). 



Fig. 2. (a) Diurnal variation of n in the Fn region for the month ol March, 1650. 

(b) Diurnal variations of itf (r = 1,2, 3, 4) in tho F^. region ior the month of March, 
1950. 
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1960 over Slough arc bIioavu iu Fig. 3. The diurnal variation of tho mean 
production rate {q) and the total production l ate ((^) in the whole oulunin of unit 


Slough 
MARCH, (950 



L MT - 

Fig, I). Diurnal variations ol qt (r ~ J,2,3,4,) in ilio FV region f('> the month of Ahufh, IDGO. 


cross-scction extending from tho “bottom^’ to the Jiiaximuni electron density 
height ill the region for the months of January and March, 1950 over 
Slough, are shown by broken lines in Fig. 5 and Fig ,0 resfieelively. 



Fig. 4. Diagram illustrating tho hypothesis of liraclbury lor tho lurmutiuii oi tho F» region. 
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Slough 
Jan /950 




Fig. B, Diurnal variation of Q and q (Kx^iomnontal and theoretical) in the region for 
tho tnonth of January, 1950. ; 


Slough . 

MARCH, 1950 




LMT — LM.r ^ 

Fig. 0. Diurnal variation ol Q and (/^(oxpoiiniontal and thoorciical) m tho j&’j region for the 
nioiil]i ol March, 1950. 


TABLE i 

Half hourly valucH of r/, (r = 1, 3, 4), Q, and ry. 


J anuary 1 9.5( ) — Slougl i 


Hour 

(L.M.T.) 


(pi 

cin-3.BOc. J 

eiii-J.BOC.-J 

ciu-y.aee.-A 

(3x10-t 

<1 

0030 

14 

17 

10 

14 

13 

15 

0730 

37 

70 

84 

89 

61 

70 

0830 

128 

227 

200 

203 

106 

190 

0930 

205 

332 

314 

317 

103 

292 

1030 

180 

303 

273 

222 

- 141 

245 

1130 

193 

319 

300 

202 

151 

270 

1230 

183 

311 

2H3 

230 

151 

252 

1330 

173 

255 

231 

191 

127 

213 

1430 

115 

195 

100 

119 

80 

149 

1530 

135 

208 

190 

151 

102 

171 

1030 

94 

154 

130 

109 

86 

123 

1730 

00 

09 

40 

7 

33 

44 



On the F2- Region of the Ionosphere 


71 


TABLE TT 

Half hourly valnos of (r — J, 2, 3, 4), Q and q. 
March 1 950— SI ough 


Hour 

(L.M.T.) 

9i 

cni-'’.aoc.~i 

oni-3,Rec."i 

7.1 

oin~*.scc.-i 

7i 

om“!>BOc. 1 

Q X 10~7 

cm~2,gec.-'' 

7 

rm-'J seo.-i 

0530 

12 

18 

10 

4 

n 

11 

0630 

83 

87 

82 

74 

64 

82 

07.30 

113 

100 

159 

150 

96 

145 

0830 

123 

200 

200 

174 

134 

170 

0930 

135 

190 

177 

101 

142 

167 

1030 

151 

188 

160 

128 

120 

158 

1130 

109 

179 

150 

124 

100 

150 

1230 

104 

184 

160 

127 

102 

159 

1330 

144 

181 

100 

122 

108 

152 

1430 

108 

100 

148 

105 

111 

130 

1530 

114 

175 

139 

90 

109 

131 

1630 

104 

158 

133 

92 

93 

122 

1730 

94 

100 

138 

97 

90 

122 

1830 

70 

122 

99 

81 

70 

95 


COMPARISON WITH T IIB O R Y 

For comparison, the values of Q, q and qr (mean production rate in the rth 
column) may he calculated from the hypothesis of Bradbury (lOHH) as follows : 

If a gas of constant sctalc height 11 is ionized by monothromatic radiation, 
then the value of q{h), A\dieii the solar zenithal angle is is given by the exiiression 
due to Chapman (1931). 


q{h) = q^^ exp (1 — see y) 


( 2 ) 


where 


Z -- 


IJ 


and is the height of maximum pi oduction rai-e when 


X 

According to Bradbury, and F^, layers are both produced by the same 
ionization process. The ionizing radiation for the process, acting on a single 
ionizablc gas constituent, has the height /Ks'm) of x^eak production rate near the 
level of layer peak {ht„F{); ajul, the F^ layer peak {h„i F^) is formed as a result 
of the rax)id decrease of the electron loss coefficient above Fi layer, the loss coeffi- 
cient in the F^ layer being independent of height. The hypothesis of Bradbury 
is illustrated in Fig 4, According to this hypothesis, when the solar zenith 
angle is y, the value of Q, the total electron production in a column of unit cross- 
section of the F^ region extendmg from the “bottom” {KF^) to the height of 
maximum density {h^^F^ is given by 
2 

Q := J q{h) . dh — q^H cos y[exp (1— sec y)— exp (1 — sec y)] ... (.3) 
= q.T 
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vvhene ~ 

H 

y/ 


= 

q = mean procluclioii rate in the layer and q^ — pe.ak i>roduction rate. 
The value of the peak production rate (r/o) in the region when the Run’.s 
rays arc verijcal may lie. estimated for the quasi-equilibrium conditions (produc: 
tion rate - Joss rate) from the cxj)ression, 


“ COS X 



wliore Nj^F^ — maximum electron density in the layer when the solar zenithal 
anj^le is y and a — oooificieut of recombination in the F■^^ layer. \ 

Assuming a — 5x I0"‘‘ cm®, see. (Bates and Massey (1946), BydbW-k 
(1946)], llatcbffe el al found from an analysis of Slough and world-wide data that 


(/„ ” 280 (1 1 1.4xl0-2;^)em-® sec. ^ 


(•">) 


where R is the monthly average relative Zurich sunspot number. 

Tt has been suggested (Bates and Massey 1048 and other authors) that the 
ionizable gas in the F region is atomic oxygen. The value of the scale height’ 
{B) of atomic oxygen is about 50 km. between 200 km. and 400 kfn. according 
to tlic R model (based on rocket- results) given by Bates (1954). This value of the 
scale height is c.onsistent Avith the value (ff — 45 km.) accepted by Batcliffc 
et al. afte.r a critical oxaniiiiation of the experimental results and Bradbury’s 
hypothesis. The value of accepted by Batcliffe ei al, is 180 km. With these 
values of H aiid (45 kin. and 180 km. respectively) the hourly values of the 
total production rate {Q) in the unit column and mean production rate {q) iu the 
F^ layer have been calculated Avith the help of Eq (3). 

For comparison, the tlieoretical hourly values of Q and q (calculated on the 
assumption of Bradbury's hypothesis) and the hourly experimental values (from 
the mean curves in Fig 5 and Fig. G) are shown in Tabic III and Table IV. 

To show hoAV the values of the mean production rates qr should fall with 
increasing order of the sectional column (fii'st column being the lowest one) 
according to the h5rpothcsis of Bradbiirj'^, values of the same have been calculated 
theoretically. This can he done with the help of the equation 


?r = ^ 9-1^ (1— ^ X) — ® .V)] 


( 6 ) 
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where ~ rerhiccd lieiglit of the iippoi* boundary of Iho rth t‘olnnin, 

Zij. -- reduced lieifjrlit of the lower boundary of th (3 r tb eoluinn. 


TABJ.E TII 

Hourly experimental and theoretical values of Q anrl 7 . 
Januarj’^ 1950 — Slough 


Hour 

yxlO-7 

QxlO-7 

q 

q 

(L.M.T.) 

cm’2.Hor.-i 

Pin '35.f?ee.-i 

cnr - t.hop.-i 

cin-3. srf.-' 


(Exporiinontal) (TliooroiiVal) 

(Experimental) 

(Theoretical) 

05) 

120 

27 

220 

5] 

10 

144 

SI 

256 

1:13 

11 

152 

5)4 

272 

168 

12 

150 

100 

260 

18:i 

l.‘l 

140 

102 

238 

170 

14 

126 

8.5 

206 

144 

ir. 

100 

46 

168 

84 


TABLE IV 

Hourl 3 ^ experimental and theoretical value of Q ami 7 
March 1950 — )Slongh 


Hour 

(,?Xl0-7 

(2x10-7 

q 

q 

(L.M.T.) 

Cltl~2.B0C.“* 

oni-s.Hoc.'i 

cm -3. sec. 

nm"3.8oo."7 

(Exporiinontal) 

(Thoorotioal) 

(Exporiinontal) 

(Theoretical) 

07 

80 

40 

116 

0] 

08 

118 

101 

150 

149 

09 

140 

156 

102 

184 

10 

132 

180 

168 

212 

11 

lie 

128 

168 

191 

12 

106 

120 

164 

174 

13 

104 

103 

158 

178 

14 

108 

157 

1.50 

187 

15 

no 

1.58 

138 

186 

16 

104 

117 

128 

146 

17 

92 

67 

lie 

94 


Values of the mean production rates of the four sectional columns at midday 
[1200 hr. (L.M.T.)] so calculated are shown below in Table V for the month of 
January 1950 and March 1950 at Slough. The calculations were done with values 
of H, ho and as stated earlier. It is to be noted that g'l > ^2 > ?3 > ^ 4 - 
is as it should be, because, as the peak production rate is assumed to be near 
the peak height, the mean production rate should decrease with increasing 
height of the column in the region. 
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TABLE V 

TlK‘oreti(‘al values of qr (j* —1,2, 3, 4) according to the hypothesis of 
Bradbury 

Hr. -1200 (L.M.T.)— -Slough 


19C0 

Month 

?! 

om"i>.8oc.*i 

Q'l 

Cm'3.HCC.-J 


94 

cm-a.-aoc.-i 

January 

201 

197 

173 

106 

March 

247 

206 

129 

124 


DISCUSSION 

The computations of the dinrnal variations of the mean production rates 
in the different sections of the region by the method of analysis, suggested 
by the author, taking into account the height variation of the attachment goeffi- 
ciont aft(ir Tlatcliffe ft al. give consistent results. The diurnal variations! are 
found to be more regular and symmetrical about noon for the wintei’ month 
(January) than for the equinoxial month (March). The calculated values ofyiie 
mean production rates for both the months as given in Table J and Table IT, show 
that ^2 > ‘/.i> fJi foi' niost of the half hourly values. This is in accordance with 
Table V, except that the experimental are generally less instead of being 
greater than "This may be due to the uncertainty in the cjorrect determi- 

nation of electron density near the “bottom” of the JPg region. This uiujertainty 
affects the comxmted values of n,. Another iiossiblc reason for 'this discrepancy 
may bo due to the fact that the loss rates in the first column were often calculated 
from the extrapolated values (b(;low 250 km) of attachment coefficient. 

Tt may be noted from Table ITT that the theoretical values of Q and q arc 
lower than the ex^ieriraental values. The difference is smaller ior the month 
of March than for the month of January, It must be mentioned in this con- 
nection that the magnitudes of Q and q, calculated theoretically on the as.sump- 
tiou of Bradbury’s hypothesis, depend on the assumed values of r/,„ and H. 
The assumed value of (/„, again in its turn, is proportional [Eq, (4)] to the assumed 
values of the recombination coefficient (a) in the region. The value of 
utilized for the theoretical computation was obtained by Ratchffe et al. by 
assuming a ^ 5 x 10“® cm^ sec.“h Higher values a = 8 X 10"® cm®. sec.~^, how- 
ever, has boon suggested (Minnis, 1955). If this latter value is accepted, the 
theoretically calculated values of q and Q vrill be increased by about 50% provided 
the values of H and Hq are unaltered. 

It may thus be concluded that with the height variation of the attachment 
coefficient suggested by Ratchffe et al. the results as obtained by the method 
of analysis adopted are consistent with the hypothesis of Bradbury foi* the for- 
mation of the region. 



75 


On tht F^liegion of the Ionosphere 

A[CKNO WLEDGMENTS 

The work hjrnis paj't of the programme of Radio Research Committee of tlic 
Council of Scientific and Industrial Research, Government of India, and the autlior 
wishes to express his thanks to the Council for financial assistance. 

The author is indebted to Professor J. N. Bhar, D.Sc., F.N.I., for his interest 
and cncouragemoni thi’oughout the progress of the work. Thanks are due to 
Dr. A K. Saha for helpful discussions. 

K E F K H E N t! E 8 

Baljcs, D. E.., RockL’l Explr ration ol llie Upper AimuHplirro, Poi-jiarnon Proas, 

London, p. 347. 

Uatoa, JJ. R and Maasoy, H. 8. W., l!)4(i, Pm. Ruy. Soc. A., 187, 

Batob, D. Jl. and Maaaoy II S. W., 1948, J*rot. Roij. Soc A., 192, 1. 

Bradbury, N, E , 1938, Ten. Mwjn. Atmoa. Ekci., 43, Ho. 

Chapman, 8 , 1031, Proc. T/tyi/. Soc, 43, 20. 

Daifca, S., 1958, lihdtaii J. Phyti , 32, 48.3 
Mixini.s, C. M., 195.5, J. Atows. Ten-, Phijft, 6 , 91. 

Hatuliffo, J. A., Schmorlmg, E. Xi., 8oUy, C. K. C. K. and Thomas, J, 0., 1950.P hil. 
Tmni,. A., 248, 021. 

Rydbocic, O. E. ll., 1940, Chalmors. tck. Kogsk. Ifandl. No. 53. 
tSchinoiling, E. R. and Thoma.s, J. (),, 1955, Tablon ol EJ Jayor Elottioii Donsity on 
Intornaiioiial Quail Days, CavondisU Laboratory, (Jambi'idgo, England, 
S(jhmorlmg, E R. and Thomas, J. 0., 1950, Phd. Tram. A., 248, 009. 



8 
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ABSTRACT. Tho potential energy function for He-Ho intciaetion lius been obtained 
on the exp 0-8 model which contauia the dipole-quadropole inieraeiion term in addition to 
tho dipole-dipole term in the attrautive potential, by fitting in second virial and Joule-Thomson 
oootticient data ocer extensive range of touiporatuves. Tho necessary quantum eorroctiona 
have been considorod. Excellent/ agreement is obtained between tho values calculated from 
the jjotentml energy function determined and tho experimental data. (Jn the whole the 
exp. 0-8 potential gives bettor fit with the second viriiil and tho Joule -Thomson coothciont 
data than either tho uxp-6 or the Lennard-Jones (12 ; 6) potential. 

1. INTKODUCTJON 

The iJoteiitial energy function of inoleouleB may be determinetl in ivvo din 
ferent ways First, tho potential energy function may be calculated directly 
from the atomic structure provided tho molecules are sufficiently simple systems. 
The second method is to assume a carefully chosen potential form involving a 
number of constants whoso values may be determined from accurate experimental 
data. Helium atom is particularly intcrosting in this respect for its simple struc- 
ture and comparatively large quantum clTcets which play an important part, 
up to temperatures of the order of 400"K. ' 

The direct calculation of the interaction potential between two helium atoms 
results ill a potential energy function of the form 

0(r) = a exp {—br)—{cr-^-}-dr-^~{ . . . ) ( I ) 

where 95('; ) is the potential energy between two molecules separated by a distance 
r. Slater and Kirkwood (1931) and Kirkwood and Keyes (1931) considered only 
the r-^ term in tho attractive potential which rejireseiits dipole-dipoJe iiiteiac- 
tion. But Margeuau (1931; 1939) showed that though the dipole interactions are 
the only appi'eciable ones when tho molecules are far apart, the higher 
poles are to be considered at distances of the order of the kinetic theory radius. 
His calculations proved that although contributions from the term represent- 
ing quadrupole— quadrupole interaction may be neglected, the term 
representing dipole-quadrupolc iiitcraetioii contributes a sizeable fraction of the 
total interaction energy. Margenau obtained for He the potential form 

^5(r) =.( _ ^0 I XlO-i^org. ... (2) 
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Moic roceutly the repulsive part ef the luteratomie potential of lie has been 
ealculaied by Rosea (1950), Griffiiig anil Wehiici (1955) and othei s luou^ accu- 
rately It has been observe-d by Ynlenia and Schneider (1950) that altbough the 
potential form derived by Ivirkwood and Keyes (1931) gives soniewhat lair 
agreement with their second virial data, generally the interinoleculai- potentials 
calculated directly lioin the atomic structures fail to explain the cxpeninental 
data satis- factorily 

The alternative method of fitting the cxpeninental data to suitably chosen 
potential tonus has been trmd bv many Acorkers (Buckingham. 1938, Massey. 
1939; 19-11; Limbeck 1951. et( ). iSecondvirial eoellicient data have been titled 
to the Buckingham and Lennard- J ones (12 . (i) iiotentials. Zcmo- pressure iJoulc- 
Thoinson coefficient data hav'^e been used by Birschfelder (1938) et al, to oblam 
the potential eneigy function tor He on the Lennard -Jones (12 : 0) model. Be 
ccntly Mason and Rice (1954) liave fitt(‘,d second virial and viscosity data to the 
modified exp-O ])otential. Their determination of the intorniolci ular poi-entaal 
has the drav'^bacUs that the r'** term is not included in the imtential form and both 
the first and the second cjuantnm coireclions have been taken from the exp ti-K 
and the Leiinard- J ones (12 , 6) potentials respectividy Avhieli is not stikdly pisti- 
fied especially as the lirst cpiantum correction for He is ipiitc large at the lower 
temperatures Moieovcn-, it a[)pc*ars that at comparatively Jo\i tcmpcTatinvs the 
agreement' between the experimental and the calculated values of the second 
virial coefficient is not' very good and this disagreement is ex])ected to be larger 
at the low(‘j- tennieraturcs. Amdur (1954) and his co-wmki'rs have used mole- 
cular beam scattering method t'O obtain oxjicrimeiitalJy lht‘. repulsive pail of the 
potential for He-llo interactions The theoretically calculated value's of the 
rc'pulsivc energy for Hc-He interaction are consistently highei than the experi- 
mental values of Amdur et al. 

Yiitcma and iSchiieidei (1950) have tried to fit their exjierimental second 
virial data to an empirical potential of the form . 

(I){?) exp ( - r/p)— (c.i/r")-(r^/r^). . . (3) 

Though good agreement has been obtained with their experimental data thc:y 
did not consider the quantum corrections 

111 view of th(' above considerations, the. most a]»])ro]iriat.c iioteiitial form 
for He seems to be exp G-8 potential proposed by Buckingham and Goiner (1947) 
wliicli is given by 


^ c [ /I) exp “ ( I - 4 ) ( 'r )"(l+/^ ( ?) 1 


... ( 4 ) 
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«>('■)- t [ fA(a, /y) exp a (l - ) --/..(a, A) ('^!“ )“(l + A ('’;*)*) 

t (i- -y)''\ '■ < 

r/i(a,A) =--- («-|-sA)/|a(H A)-(«-I-sA)J 

'/2(“= A) = «/[a(l-| A) (**+«A)J 

where c ih the depih. of the ])oteiitial well, the value oi' r for whiijh (j) (r) has its 
jiiiJiiiiuiin value, x is the parameter Avhich mtiasures the .steepness of exponential 
repulsion, 

This potential form lia.s tlu^ advantage that it not only ineJudes an exponen- 
tial repulsion term and the r'® and terms hut also the attraetive term is pro- 
vided with an (exponential tliat prevtiiits tlie appearanoe of a spuriou.s 
maximum having no pliysieal significance in the case of the exp-G xioterittal 
at r 0 25 The first cpiantum correction for the see.oiid virial and the Joulc- 
Thonison coefficient have been e-alcidated accurately foi- the exj) (3-8 model, in 
this ])apej' second viiial data over an extensive range of teiinierature and the 
zero-pressure Joule-Thom.soii coefficient data have been fitted to the exp 0-8 
potential, ft i.s ('xjiecded that the. potential form thus derived will ho more i idiahle 
than those hitherto obtained. J:f\)rce jiaramcters on the exp 0-8 model has heon 
determined hy Corner (1948) for A, Ne and for Ki*, X(‘ and by Barua (1969). 
In oi'dcr to rejiroduce their low temperature diffusion data for He, Buckinghaii| 
and Soriven (1952) have uschI Hq. (4) only and have cluxsen empiricalW the para- 
iiiclers a - 15 5, fi — 9.2, cjK 10 IS'^K, ^ 2.943A. 

L) a 1’ JC li M I N A T 1 O N OF THE P A li A M E T E K 8 

Kirkwood (1953) and Uhlonbeck and Beth (1956) have .shoAvn that the second 
vinal coefficient -ti{T) together with the quaniuui corrections may he written as 

JiCn -= [ lic,(T) [ «,('/') I ( )“ Zi„(7') I-... ] ((i) 

where (T) is the classical expi'ession fur the second- virial coefficient and Bj{T) 
and liji (T) ai-e respectively the fir.st and second quantum corrections, iii is the 
mass of the molecule ami k is the Planck’s constant. 

On the exp G-8 model 

B^AT) -- 27rNr^U^\{xJ,\ T% 
Bj{T)-{NrJkT)F,{x-fi:T*) 


T* = kTji 


( 7 ) 

(») 

(«) 
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whore N is Ihe Avoj^adi'o k luinilxM' and k is tlio Koll/inami’s rouslanl The 
second quantum correction [T) has not hecn evaluated on tlu^ exp (i-S model 
Since tlie contribution of /^n [T) is not laijre (its eontiibntiou to tin* total H{T) 
^ at IOO“K is about 1%), as has been dime by Mason anrl Kice (1954), we inay take 
the value of ^ . (T) calculated by de Boer and Michels (1938) on the Lennard- 
fjoixes (12 6) model T)uo to this uiuiertainty in the second (|uaiitum lorreclion 
Eq. (6) cannot, be used below (iO"K. 

Similarly, the zero pressure Jonle-Thomson loeffieient may be written as 

( 17 ... ( 10 ) 

and on the exp 6-8 model 


. //: 7’*) ( M ) 

r.vv/, " (Nrjuy^x /!.r*) (i2) 

wdiore f/p” is the va.lue of the zero-pressui’c molar S])ecific heat, I’lu* functions 
Fq, 6',,, F^, G-y have been tabulated by Buckinfiham and Ooriici' (1947) for a ---- 12 5 
in a — 14 5 and foi /? — 0 and /y - - 0 2 

^.he force parameters a, />’, tjl\ ‘r,„ can be determined from the i‘xperi mental 
B[T) data by the method of translation of axes (Mason and Rice. 1954 ; Srivastava. 
1957) In order to consider the (|nantnm '^•on*<‘etions, first one ol the Iw'o values 
of /y (cither /? 0 oi ji — 0 2) is a.ssnmed and the quantum corieotious Uj and 

Bn are taken to be zero and a set of values a, (L elk. ?Vh is obtained. With t.hese 
parameterB and Bj| are calculaterl Avhich are then substituted in Eq (6) t.o 
j^ive a, /y, efk, to the second ap])roximation. This procedure is to be re^ieated 
tdl the force parameter, s do not vaiy apjireciably . 

In Table 1 the force, parameters obtained on the exj) 6-8 model arc "ivcii. 

lefers to the value of /y as obtaineil bv Marveiiau (1939) and a, rjk, and are 
assumed to vary linearly with /i to find values coiTcspondiny to /y^,^ . For the sake 
of comparison the force paramet<*rs for the oxp-6 and the Lennard Jones (12 -6) 
pntei dials are also given in Table ] 

3. 0 O M P A R T S O N WITH E X P K R T M 1? N T 

All obvious test of the reliability of the intcrraoleculai potential determined 
is a comparison of the values calculated from the potential energy function w'ith 
the experimental flata A further test, is the ability to reproduce more than one 
property with the same set of force parameters. The experimental second virial 
data over a temperature range of 90 2‘’K to 1473°K have been compared with the 
calculated values on the exp 6-8 model ond the results are given in table IT, 
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TABLE I 

Potontial paramcterK for Ho 


a 


^ r„iA 


llof. for data 


2nd J-T 

Virial CoolT. 


Exp. (i-K 11,4 

(Huclun;4bam 1 1 2 

CorniM') 11.2 

Exp 0* 12.4 

L-.T (12 . 6)* 


* (Kroiii Ma,son and Kicio, 

'(> Holborn and Olto (lb2(i) 

Miclu lfl and Woutors (1941) 
iSclinoidor and T)\d1fit' (1949) 

Yiilonia and Schnoidor, (l9/)0) 

.y. Moidnu'k and (),sl(irbor;? (1933, 1934). 

The soo.oikI (piantniii coi'TOctioii which boromes imjioi'taiii at the lowei Icmpcra- 
tiiros hav(‘ boon taken troiii the caUnilations of clc Boer and Miclicls (lOIlS) on the 
Leniiard-JoncK (12 0) model. Excellent af^roeineut. is obtained with the experi- 
mental data over the whole rain^e of temperatures. Exp 0-8 potential gives better 
tit than tlie cxp-0 ]iotcntial (parthiularly at the lower temperatures) oxceiiting 
at the highest teiufieratures. T'hroughout the tcinjiei ature range exp 6-8[ 
potential is found to reproduce the (‘xiieriinental data better than the Lenuard- 
Jones (12 . 0) potential and this is very much marked at the higher temperatures. 
This (ionfirms Mason and Bice’s (1954) obseivation that helium atom is actually 
softer than that given by the Leimard- J ones (12:0) model 

The expermicnial and calculated values of the /eio-^ircssure Jonle-Tliomson 
coefficient on the e.xp 0-S and the Lennard-Jones (12 0) models are given iu table 
TTT. Tom])eraturos below J72'^’T\ have not been considered, for, at lower tempera- 
tures second qiiantiim correction becomes important. The agreement on the exp- 
0-8 model is remarkably better than that obtained on the L-J (12 ’ 0) model. 
This single case iierhajis cannot he taken as a jiroof of the superiority of the poten- 
tial form with exponential repulsion term over the Lennard-.Toups (1 2 . 6) potential. 
The fact that almost the same degree of agreement is obtained with the experi- 
mental data for both /J — 0 and p — 0.2 (umfirms the observation of the earlier 
w'orkers (Corner, 1948; Barua, J959) that tliese equilibrium properties are not 
sensitive enough to measure the relative importance of the and terms. 
The third virial coefficient whicli is quite sensitive to the potential form chosen 
may serve the purpose. But no calculation for the third virial coefficient has 
been done for either exp-O or oxp-6-8 potentials, 


0 9 4.'j 3 J3 

U 2 9 89 3 13 V ) 

0 3 13 

9.10 3.130 


10 22 2 869 
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TABLE I] 

Comparisoti of experiniental caiul calciilafed values of 7^(7^) of He. 


T"K 

B(T) m 
cc/inolo 

exp 6-8 

exp 6 

LcMiuai (1 • 


/(-0.2 

(12 *6) 

90 . 2 

1 (» . 4r)« 

10. r,.-, 

10., 34 

11 40 

10 43 

123 . 2 

11 42« 

11 36 

11 27 

11 66 

10 76 

173.2 

1 1 . 92“ 

11 82 

11 78 

12 34 

11 31 

223 2 

11 94« 

11 90 

11 84 

12 21 

11 59 


1 1 . KG« 





273 2 

1 J . S7'J 

11.70 

11 69 

12,11 

1 1 . 50 


11 77^ 





298 2 

11 

11 60 

11 57 

11 99 

11 46 

323 2 

IJ TJ'' 

11 47 

11 53 

1 1 86 

11 39 


1 1 





348 . 2 

U 43'' 

11 37 

11 42 

1 1 73 

11 30 


li 39« 





373.2 

11 35'^ 

11 J-) 

11 30 

11 60 

11 22 


11 42<‘ 





398 . 2 

11 24* 

1 1 . N 

n 16 

11 48 

1 1 07 

423 2 

1 1 07* 

1 1 07 

11 09 

11 36 

11 01 

473 2 

1 1 07« 

10 'l.T 

10. 9H 

1 1 12 

10 90 


1 1 .08' 





r.73 2 

10 ry{]» 

10 30 

10 44 

10 71 

10 65 


10 70^' 





073 2 

10 14'^ 

10 01 

10 or. 

10 33 

10.41 


10 4,'i'- 





773 2 

10 14'’ 

9.74 

9 75 

9 99 

10. .22 

873 2 

9 82'* 

9 . 80'' 

9 52 

9 57 

') 68 

10 03 

1073.2 

9.17'' 

9 . 00 

9 11 

9. 11 

9 63 

1273 2 

8 0(1'' 

8 78 

8 85 

8 69 

9 50 

1473 2 

8 19'' 

H.49 

8 66 

8 . 33 

9.27 


(ffl) Holboi-n and Otto (192fi), (6) Michel and Woutcrn (1941), (f) Schneider ami 
Duffio (1949) ; {(i) YntemOi and Schneider (19r>0). 
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TABLE TIT 

Cotiipfti'isou (if (Experimental and oalcnlaiod values of //‘^ of He. 

oxp 0-8 Leimard- 


T'^K 

/I® in deg 
at m ^ 

J9- 0 

JB- 0.2 

Tones 

(12:6) 

J72.1 

-0.0557 

-0 0556 

-0 0556 

-0.0506 

273.1 

-0.0599 

-0.0608 

-0.0611 

-0.0579 

297 .'■1 

-O.OflOl 

-0 061.3 

-0 0614 

-0.0587 

.374.2 

-0.0621 

-0 0017 

—0 0622 

-0 0693 

472 n 

-0.0616 

-0.0615 

— 0 0624 

-0 0.59.3 

.175 5 

-0 0568 

—0 0596 

-0 0608 

-0.0589 


4. f; () M P A II r S C) N WITH T H E O R E T I r A L L Y ( ' A L C! U L A T E D 
P (') T E N T T A L ENERGY F IT N 0 T T O N ,S \ 

n has been showm by Margonan (1939) that the interaction enei’gy of t\ro 
He atoms may be repr(‘sented as the sum of four terms 

whf‘r(‘ is ihe valence energy of repulsion obtained by the first-order portiir- 
bal-ion calculation, rc})r(*sents the second-order exchange terms and becomes 

important at distances where long and short-range forces meet. It is obtained in 
the second-order ]ierturbation calculation of dispersion energy 
are respectively tlie dispersion energy terms Anwying as the inverse sixth power 
and the inverse eighth power of separation. 

The term has been evaluated by various workers. Slater (192S) 

and liosen (lObO) and Sakamoto and Ishiguro (1956) used the valence bond method 
and later workers (Chitling and WohiUEr, 1955; Hiizinaga, 1957) have ajiplied 
LOAO MO metliod. Eor comparison with the potential energy curve obtained 
mi the exj)-6-S model W(‘ shall take calculated by Sakamoto and Ishiguro 

(1956) which is in good agreement with that of Griffing and Wehner (1955). Tin* 

J) and terms have been obtained accurately by Margenau by the 

second-order perturbation calculation of dispersion energy. The 8) t£ir 2 n 
has been obtained by Page (1938) by the variational method; Hence the potential 
energy fimcdion for He-JHe interaction becomes 

... (14) 

OSiie-'''*""'' .%(V-5'3»- 1 xl()-'®evE. 

L ^8 J 


(15) 
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The potenhal energy curve obtained from Equ. (4) and (5) on Itm pxu.6 S 
model (taking the value of ^ by utilisng; the force parameter, .leter.mne.l 
m the present investigation together witli the tlicoreticallv ol.tai.u.,d curve from 
Eq. (15) IS shown in Fig. I. For comparison the poienl.al energy curve on the 
exp-6 model obtained by Mason and Rice (1954) is also shown. ' 



Fi( 5. 1. Pdttiiiiml cncMtT cul^ey for Jfe-Ho mlo.actiot. (1) tliuoroiu-al (Sakuiuoio-Uhiutiuu.- 
Maigenau-Pii^o) (2) ox]i-ti-8 (Biicking]miii-(1o,iu*r) (H) oxv.-C, (Maaon and Jlico). 
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M. U. F. FACTOR AND SOLAR ACTIVITY 

C 8 \i HAO AND J. (1. BHARDAVA 
KuaBABOH Dbi'Abtment, All [ndia Radto, Nbw ]3elhi 
(R ecciucrf, December 23, 1059) 

ABSTRACT. This pupoi deals with (lu« x-ariation ol jkf(3()()(0/''o factor witli RiuvHpol 
activity. The ionos])horic dal, a i.ir DcJhi aiul Aliniudabud for the pm-iod 19.59 to 105H have 
boon conHidered 'I'lie aualyHis iiKbcatoH (.liat a fairly Kood linear relatioiwhi]) exists between 
M(3000)7'^J and sunspot muiiber for both tlic places, A piejinunary study ol Ibi' variation 
ol Ym and ko with suna]J 0 t activity (Ahniedabud) has also been made. 

1. INTRO DUCT J OK 

The variation of J/(!h.K)0) J’a — the maxiimiin usable ii‘cipiene>' factor for dis- 
tance of 3000 kms lor transmission thioufiJi the F.^ layer — with sunspot activity 
has been studied reeeutly by a few workers. Kylrifi; (lOol ), lollowinn the varia- 
tion of ^f(3000) (related to the layer height), has observed tbal there exists 
a linear rclalloiiship. Rawer (1952) has stated that t he variation of the tact or 
jlf(:j0()0) F^ ean be taken as an index of altitude of the layer and tlial it is eoiTcs 
lated with sunspot numlier. Allen (1953), however, lias conehuled that the varia- 
tion of virtual lieights is not related in any significant manner to either the sunH])ot 
cycle or the diurnal variation of fo^’a Tlieissen (H)55) has attempted the evahia- 
tjon of if"(3000) foj’ every hour by use of charts and has also coiiHidered the 
jioHsibihty of a world-wide forecast of those factors. Nyfrig (1957) has followed 
up his previous study and has shown that an unambiguous relation ol M(30(K1) 
F^ with change of solar activity exists for certain regions of the eartli He 
has, howcv'eij stressed therein, that the data is insuflicient and sometimes 
eoiitradictory to jnstily a world- wide o.xainiiiation. 

l"he object of this paper is to study the variation ol M(3000)A\ wdh sunsiiot 
aet-ivity as observed from tlie data at Delhi and Ahmedaliad-two Indian stations 
where ionospherie sounding has been in progress for the last, few years Ror 
Delhi (2S"35'N, 77T)'E) data for years 1950 to 1958 and Ahmedabad (23i)N, U 
40' E) data for the years 1953 to 1958 have been analysed. 

11. ( : A h C U b A T 1 O N 0 K M ( 3 0 0 0 ) Y, 

Over thB last foM' yoais, a dclaileil aiialysiK of ilic stnichiic ol' thu i\ layw 
has been made from l.bc data from tho different ionospherie stations in India 
This analysis has shown that the, assiiniption of a paraholie layer is a good approxi- 
raai,ion and for y,„/h„ > 0.2 (wheie Y„ is the seini-thieliness of the layer and h„ 

So 


4 
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i8 the height of the lower edge of the layer), the variation of the factor lf(3000) J ’2 
with hpi ^2 (height of maximum iomzation density and equal to the height at 
0.834 times /o F 2 ) can be represented by a cui’ve, wliich apjjears to be a hyperbola 
(Fig. 1). This curve is obtained from a mass pJof- of ilif(3000)i^2 factors, (after 



l^’iR 1 Vaiiatioii ol JVf(3000)i?'.. wjth h,n fw’ t>el]iJ and Trivandrum, 

Appleton aiid Ifeynou 1041, 1947) against Jieight of maxinmm ionization for 
different values of if (3000)^2. Bihl and others (1951) have also stated that hp 
F2 may l)e related to if( 3000 )F 2 and that the curve expressing the relationship 
appears to be a hyperbola. The ciu’vc corresponding to YJk^ 0.4 m Fig. 1 
lits ill best with the data for Indian stations. 

All the if( 3000 )F .2 factors used 111 this paper have been obtained on the 
above basis. 

The j-esults of the analysis are discussed in the following sections. 

Hi. IJIUBNAL AND SEASONAL VARIATiONB OF 
M ( 3 0 0 0 ) Fz 

Fig. 2 shows the diurnal variation of if (3000)^2 for Delhi and Ahinedabad 
for sunspot miuiiuuui and maximum activity periods and for different seasons. 
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The predoniiiiance of the ycniidiio'ual effect in the iliff event seasons and in the 
different epochs of sunspot activity is quite evident The effect of Solar tides 
in producing semi-diurnal variations and has already been described 

earlier (Rao, 1956). 



Fig. 2. Diurnal Variation of MfSOOO)^, for Dollii and Ahmndahad. 

IV VARIATION OF ‘M‘ WITH SUNSPOT ACTIVITY 

Fig. 3 shows the variations of the 12 monthly running averages of Jf(3000) 
F o as observed at Delhi and Ahniedabad with the 12 monthly running average 
of relative sunspot numbers for 1200 hrs. A study of these graphs indicates 
that a linear relationship between the Jlf(3000)if’., and sunspot number (7J) would 
be a good approximation 

Assuming a relation of the type 


... ( 1 ) 
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wIicTC Mji is the 7i/(30( factor for a Hiiuspot uumber R, J/„ Iho sauit* cjiiantity 
for Huiispot number zero ami h Ibe snnsjiot variation factor, tlic valuer ot 
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Fig. ri. Varmlion of A/(:t(M>0)F:. WJtli Sunapot luiiiibor lor dilterenb houris lor Uollii. 
*u.lf,andconaat...uco-effic.e,nt rbotween ami R bav« boon oblaiarcl au.l 

are shown inJiTablo 1. 


TABLB I 


Station 

Mo 

b 

r 

Dnlhi 

‘A.2i 

0. 00360 

0 090 

Aluiiedabacl 

3 S7 

0.00266 

0 971 
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Tlie rJo'w variation of M with sunspot number is appai’eiit from the values 
given in the above table and the high values of r obtained justify the liinar rela- 
tionship assumed in Eq. 1 



t’lg. V). V^anation oi Ym and ho with Sunspot nuinbor for Ahmed abad. 

The variation of Jlf(3000) JP’u with sunspot number has also been studied for 
other hours. A few typical graphs showing the variations for Delhi and Ahmeda- 
bad for the month of June for different hours of the day are shown in Eigs. 4 
and 5 respectively. Erom these figuies it is clear that the linear relationship 
assumed in Eq (1) can be extended to other hours of the day also, 

V. VAKIATION OF T„, AND h„ 

An initial study of the variation of and of tbe layer at Ahmedabad 
with sunspot activity has been made. The data have been taken from those 
hshed by the Physical Research Laboratory, Ahmedabad. The variations 


Fi$. 4. 
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of and JIq (running average values of 12 monihs) Avith R are shown in Fig 
6, from which it may be seen that both and hf, increase in a linear manner 
with incTease in R. 

From these graphs it is seen tliat the same ratio ot is maintained 

throughout the sunspot cycle. 

A C IC N O W L E D Ci M E N '1' 

This \rork forms jiari of ionosphcj-ie reseaic,h of the IvesoiiicJi Dopai'tincut^ 
All India itadio. Tin' authors arc grutefiil to tlu> Dueetor, Tliysieal Uosearcli 
Laboratory, Ahmedabad for kiinlly .supplying lonospiiern data of Ahmeilabad. 
The jiapei' is publi.shed by pei mission of the Chief Etigineer. All India Radio. 
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FOURTH ORDER MESON EQUATION AND 
NEUTRON-PROTON SCATTERING 

S. P. MISRA 

MA.TajfJMATTCH Dkpajitmisnt, Ravenbhaw Colliooe, Cuttack- 3 
(Received, ])ece)nber 12, 1950) 

abstract* Wi 3 huvc obtamotl here 1-ho neiiii'oii-pi'oion djffcM’eiiljal Hcallcring evONh- 
mctioix with a loiirih order moaon wjuaiion Tnopoaed by Blmblio, and Tlnrrmg, AvliiLdi wiia 
iiHoful m exjilairiiiig iho anoiiialouH iiingneiie ino]iienl.e of iiucjcons. Wo iioie tlial for iiiodeintc^ 
energieH the reauliH hoi’o diaagree as violently with oxpei intents aa loi Couvontionftl meson 
theory satisfying the Klein -Cordon equation. i 

1 K T K O D U C T I O N 

It W'AH noted iji a previous paper (Misra and Deo, J95G) that the treatniAjit 
of the anomalous niagnetii. moments of nucleons with a fourth ortler mesLn 
ecpiation proposed liy Hhabha (195(1) and Thirrmg (1950) gives comparativery 
satisfactory agreement with experimental results While projiosing this equation. 
Bhahha had shown that the second order potential derived fiom this does not^ 
have the r-'^ singulai ity Because of this advantage and its pri'vious Muccess, 
we shall calculate the neut]’ou-))rotoii scattering cross-section in tJio second order 
perturbation theory. 

I'he interaction kaiiiiltonian m this case is given as 

Ifdx] ... (1) 

The iiitevuetiou reiiresoiitatioii heW-operators Hatisly the ccnialion.'i 

(/*<’« f '<o)f (*) ^ 0, 

- 0 
and 

(□ - «“)%(*) <1 

Tlio vacuum-expoctatioii values of the /’-iiroducts of the field opeiators ai-e 


where 




DJr) ^ dH- 

' {2n)* J (JP H “ * 


... ( 2 ) 


... (2a) 


»2 
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aiL(l 


<-P(ll*f(*)^(»/))>o = i Sjfla--;/) ... (3) 

wlu3re 


=(i], \ 

As usual, integrals (2a) and (3a) are to be understood in the sense of l^evninan. 
Jn the i)orturbation ealculations, the >S'-niatrix is given as 

/S' = n s„ 

Avliere 

SKOOJJJU on. DKli, A- MATRIX E ]. E M E X T AND T^EUTJiDN- 
J’ROTON SCATTIflKIX(; 

In the following, whenever vve use tlie inoinenhini sjsne, 2h Pi denote 
tJie lb ur-m omenta of the ineoining proton and neutron and //,, and //, denote the 
loui-moinejila of the outgoing proton and neution respiJctivelN Also, we use tlie 
expansion 

\d^Pyj^^y(pU(p)e‘’i^-^' I b*r{py-^t^' ... (4) 

for the Birae held oi/eralor wheir Op and hy rejnesent resi/eetivel y the anniln- 
latiou and the ereation operators of the ijartielcs and aiiti-])artieleH. 

The two Feynman diagrams that eontribute to tlie seeond order matrix 
element are sliowni m Figs. 1(a) and J(b), 



These eontribute to the second order matrix elements on using tlie exiiansion 
(4) and the results (2a) and (3), as, 

</S'2> — — /'4)*'o“(i^io2'2oi^3ol^4o)"' 
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6 *. P. 

\^V3)yin«■(PlWp^)y^^MpMPl - PiY + «*)'■“ 
~^(p^)yifMPiWPt)yirxV'(pMpi - Pi? + 


... (5) 


On caiTyiiig out summaliuu over isotojiic spin iudites for the proton and neutron 
statew, we obtain, 

<^i> = %i + Pt -Pi- Pi?<>KPiiPio2hi,l>io)~^ 

MPi)yAPiH}u)yMih)((Pi -Pi? +<'“)'“ 

+ 'MPi)y6ii(piHPt)yi«'lpi){{ih-i>i? + ■•■ ( 6 ) 

Now, we know that if the *Sf-matrix element between the initial state !| i > 
and tlie final state \f>m given as \ 

<.V> d{l\-Pj) <f\M\i > ...\ (7) 

where Pi and Pf ai‘o the total initial and final four-mojiienta respocitivoly, tl^eii 
the total seattoring croHs-seetion is given as 

^ I < / 1 1 » > 1 . - (») 

(Janeh ami Itohrlieh (1955)), where Hi stands for averaging ovei' the initial states 
and Hf stands lor the summation over all the final states. Whbn vve utilise 
tile centre of mass coordinates, the e(|uation (S) gives ns the differential scattering 
cross-section as 


(l(T 

(hi 


-^n^E'^Si^\<J\M\i >y\ 


(i>) 


whei’c stands for summation over final spin states. 

For our problem, (npiations (6) and (7) give us 

f\^ii\‘i > = I HPi)rMpiMPi)yi <t{Pi) ({Pi-Pi?+''^?'^ 

-|-2“(i»ll)r5“(i'2)“(2'4)76'“(i“l>((2'2-i’3)“+K“)“''‘]. ••• (io) 

The spin summation in ecpiation (9) can be performed by Uvsing the projection 
operator A \.{v) positive energy states given as 


A+(rt -- 


-Jyp f 

2JS 


P 
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Thftii wo have, for equation (10), 


J 

2 (27r)* 


^4 [(( f<p{/h'r, A 4 (/h )yrji A +(P:i) I X 


x^WroA ^p\/iyr,/\+{pM^ ^4p.,)']x 

X wnA ,-(;^i)rfi/?A ,.(^J,1)J^-2((p,-^>,)M x-y- i(P2-p^y-\-x'-r^y 

'X{^P[dy5y\ \iVi)y 5 d/\+P*dyr,/\+{lh) yJ^A\Xp.\) \ honnitiau euniiii^ate ox|)n.}l 

o'( 27 r)'' ((?h'/>i)+'<o“) ((/J2?^4)-l-»<(r) 

((/^2Pa)-| ^0^) ((/>i?^4)H '<0’) 

{(Pi-Jh)" \-x'^)~-{iptP^)(p/Ih)--ippp^i)(p^^p^)-{-{p 

l-'"«-((/h/’4)-(7hP2)-l'(/hy^a)-l-(yv/^4)-'-(y^?A)--(;A?^4))-l-^)’^^ (n) 


Wo innv rcmoinlier that for the (“ontro oC mass systoiii, 

p, r^ = {-P,E) 

p, ^ (P, p, - (-P. E), 


(12) 


and Riihstitutc 

p7*-P2^o.s^ ... (13) 

This gives us, on simplification of the above oipiation (II) and by equation (0), 

da 


dn 


• 4 0 
sm'* 

A 


I 0 


^(P\ 2 k V 2 , 

UW [_(4Kin^|+2)‘ (4 co,^|+a)‘ 


2 Rin^ ^ cos® 2 


.. ( 14 ) 


( 4 sin® 1 + > 1 ) J 

Thus, for moderate energies, the differential scattering cross-seciion is given as 


da 

iici 
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whorn 


ij{0) ~ 




4 COR^ 




( 4 ^ >\ 




)■ ( 


4 cos^ 


0 


2 sin2 1 oos^ ^ 


^ 4 + aJ“ 


with A ■= (n^jP^). The laboratory energy ia giveii here approximately as (42/A) 
Mev. 

/ 

Exeejii, foi' a miiltijilicalive eoiistant, the function f 7 (^y) above gives ustthe 
(jross-seetion, and we have plotted this against 0 for A — 1 and A — (1)(2), 
i.c., for laboratory energies 42 MeV anrl 84 IVleV respectively (l^ig. 2). Jt\is 
noted that the nature of the curve obtained does not agree with the Avell-known 
experimental form, wli ich should be rather symmetrical about 00" with a minimuni 
at slightly less than that value. On the other hand, up to angle 140" the angular 
(listributjon 'is I'ather suggestive of the behaviour at higher energies. This leads 
to the suspicion that a smaller value of (I /A) may give the cxperimeutal type of 
curve, for lower energies But m such eases the ])Gak of the (mrve comes too 
near OfT for these to have any significance. 



e 


Fig. 2. The function df g{e) is plotted against the centro of mass angle 0 at laboratory 
energies 42 Mev {\ — 1) and 84 Mev (X = 0-5). 
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A rou^'h foinpaiison of ilu* data cxpeTiinenls ^ivcs, (on tiHiiip: 

1 Mpv- 1 1.971? cins ), that., 


Ki 

477 

Tbns wc noto lhat tliis nio.sou ilieorv disajiiees with oxptniniontal results 
for nout-von-protoii .seatteriii^r as violently as the eoiiveiil lonal one. Heueo the 
fairly good agreement (Mi.sra and T)eo,) (1055)* that. Mas obtained foi the 
treatment of the anomalous magnetic moments of nneJeons may be regaifled as 
aeeidentuj. 


A C K N 0 W L E T) G JV1 E N T 

The autlioi* wislu's to acknowledge his indebtedness to Pro! 1). Basu tor 
suggesting the problem. 
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SEARCH FOR EO TRANSITION IN ZINC-68 

M K. RAMARWAM'S' | 

DrorARTwicNT or I’iiysk'S, The Ohio State ITnivehhity (VH.OTvnnTs-in, Ohio (USA)! 

{Received, .11111001 y 29 , 1960 ) 

The (lee-jiiy of (Ja-6S has been irceiit-ly reinvestii^atcd liy Horen (11)50) \ilio 
found evideui'f* foi levels ui Ziiie-6S at 1.07, 1.88 and 2 3Mev. Tlie levels 
assi^riied the followiiifi; .spins and panties • 1 .07(2+), 1 .88 (1 + or 2 1') and 2.3(2 ' ). No 
cross-over ^aiiinui transition was observed froin the 2.3 Mev level to the O '" ground 
state. Tins fact toj^cther with the result <if angular correlation studies on the 
1.07-1 24 Mev gamma cascade led Horen to suggest 2^- to the 2.3 Mev level. Since 
the errors on the angular correlation data were rather large, this spin assigmnonl 
was considered to he far from ambiguous Tt seemed attractive ^.0 assign 0^ 
to tins stat/Ci and .still he consistent uith the observed data. Tn fact, the near 
harmonic model of iScharff-Goldhaber and Weiieser (1955) predicts the existence 
of levels at about twice the energy of the fir.st excited state 
0--0. No gamma traiisitious are strictly forbidden because of the transverse 
nature of the photon. Hence the de-excitation of the state in (picstioii can proceed 
either through niterual conversion or through internal pair formation Riuce 
the internal positron .spectrum from the 2.3 Mev level (end-point 1 .28 Mev) would 
be .superposed on a ratlicr high background of positrons from the beta decay 
of fla-fiS (end-point 1.88 McaO' d. was decided to look for internal conversion 
electrons of 2.3 Mev In order to observe the small peak due to conversion it 
was ncces.sary to reduce the background to a minimum. Tliis was accompli.shod 
by the use of an anti -coincidence arrangement — 

The Cla-bS sonree was sandwiched between two plastic scintillators each 
1 -1 /2 cm high and 3 cm in diameter ensuring An geometry, and mounted on the 
face of a Du Mont 0292 phototube. A second plastic scintillator surrounding 
the first one was mounted on another phototube and served as the anti- coincidence 
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counter. The sensitive volume of the counter was surroiiiidod by 4" of lead. 
Pulses in counter I not accompanied by pulses in counter 2 opcT-ated a gate which 
admitted to the 20-chamiel analyzer any pulse in llu‘ beta-counter occtirriiig 
in an interval of 3.5 mi crose omuls. The end-point of tlie position spectriiin 
was determined to be 1 .K9 ±11-05 Mev, in agreement with the value reported by 
Daniel (1957). Phosphorus-32 with end-poinl oneigy of 1.72 Mov(Jji(lofsky, 
1957) served as the calibration spectrum 'Vhe searcli for mlernal conversion 
electrons lasted 105 hours, during which time the ap]jaratiis \mik iieriodically 
checked. From the total number of counts observed in the region wheie the 
conversion electrons ucre expected and the total number ol ('ounts in the beta- 
spectrum, an upper limit of (5±25) X JO-*-* conversion elccdroiis per tla-OS decay 
could be set. 

One can calculate the expected yield of 2.3 Mev internal conversion electrons 
as follows (assuming 0*- level). The single- particle model gives ilie transitjon 
in-obabihty tor the i. 24 Mev gamma-ray as ipn sei; b Tlie A-eoiivor- 

sion probability for the Eo transition is exiircsscd by ClmrcJi and Wemeser (1956) 
tis Wiilfr — 7 X 10“ sec where is a (Jiineiisionlcss parameter which measures 
the strength ol the EO matrix eleiueut.. We take /j ~ 0 11 m ac*cordaiice with 
experiiiicnt (Alburgei', 1958). The yield can then be written 

iVt ^ [ ( tJ^+ IV,. a) j fN 

where N is the total number oi disiiitegratioiis and / is tl»e traction of decays 
populating the 2.3 Mev level. From the data of Horen and tJie measured beta 
-spectrum Nf is about 2x10^ The computed yield is 84x10 “ coiivi'ision 
electrons per decay, to be compared with the measured value (5^. 25) ^ 10““. 

11 these estimates are indeed correc.l, then one can cojiciiuh* that O' is an 
unlikely assignment for the 2.3 Mev level. If, on the olhor hand, it iurii.s out 
that the I 24 Mev transition is JO time.s fastoi’ than the single-paj-ticle estiinate, 
by analogy ivith the situation in Ga-70, then onr conelusions are somewhat 
weakened. Uceeiit angular correlation measui-emeiits (Ramasvs amy and Jastra, 
i960) have indeed shown that the 2.3 Mev level is 2 ' . 

The author is thankful to Professor L. Madansky of Die Johns Hopkins 
University whore this work w'as performed. 
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iniEOKJES OJ'^ FIGURES OF CELESTIAL BOOlES^by W. S. Jardetzky. 

PageK 186; 6x9 in. Inter-Bcieuce Publlshera — New York — London, 1958. 

Fdee ^ 6.50. 

One of the most important problems of any system of bodies is its evolution, 
tliat is, the sequenee of changes it undergoes in time under the influence of its 
Hurj'oundmgs and internal variations In the case of celestial bodies the problem 
has attracted the attention of a number of scientists. There are m general two 
fronts on which the problem is attacked One is the physical state in Avhich the 
study of internal constitution describes the iiiii of the phy.sical variables at dif- 
ferent' points inside the body. The other is the liydro-dynamical and kincmatical 
state wdiicJi describes the geometrical foi-ms that a fluid body should acquire 
under the influence of the internal and external lorces. In both these eases^the 
fast varying catastro])hic changes are not included Tti is assumed thatithe 
results confoTin lo the situation which is established in due cour.se of tune wkcii 
the final equilibrium is attained. For celestial objects it ha.s become (piile cl®ar 
especially during recent years that tlie two fronls have to come very (dose and work 
togcthe.i Convection plays an important role in the study ol’ the internal constL 
tutioii. it is highly T)i‘obahle that the I’ofat.ion is only a jjarf- of the general cir- 
eidatioii of matter in a celestial body due l.o rotation as well as convection. Jt 
is behoved in general that the probability of oxistenee of a culestial body witliout 
eui rents of matter m its interior is pjaetically zero. The general problem at 
present is still far from any (;ompletc solution. 

On the luteiior side the active front was opened only tlurmg j^he present 
(ieiiLiny. Rut the work on the dynamical front has been going on since the reali- 
zation of the luiportaiico of Newdon’s Law' ol Gravitation. Durmg those cent uries 
quite a rigorous mathematical theory has been developed lor the figures of the 
bodies in eciuilibrnuii by a number of great scientists like Alaclauriii, Jacobi, 
Clairaiit, Poincare', Liapounov, Liclitensteiii, Wavre, Miueo, Jardetzky and others. 
Ail these Htiidie,s hj c related to the equilibrium coufiguraiioiis uiKh*r different forms 
of jotatiou for the bodies consisting of isolated, homogeneous or heterogeneous 
fluid masses or comjiosite solid and fluid masses Binaries and other complicated 
system-s are also covered. Finally, this branch also deals wuth the possible sequence 
of (Mpiilibriuni ligurcs as a result of externally undistuihcd evolution In the 
last' t:ase possible atomic energy production inside the body cannot he taken into 
acL'uunt as these studies are confined to hyihodyaamical sRuatious only under 
conscT’vative forces, tiic foiccs depending upon velocities and the gyroscoptical 
forces. 

A general study of figures of equilihriiim of fluid masses under the above 
mentioned forces is a problem of utmost importance specially to the celestial 
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mechanics. To have an idea of the importance of tlua hianch we may Jiote that 
when we look around we find that almost every thing in tlie universe rotates 
The meteors, the asteroids, the planets, their satellites, the sun, the stars, the 
clusters, the nebulae and even the galaxio.s-all rorate in such a uay that thev 
have acquired over a long time a definite equilibrium distribution of velocitie.M 
and a geometiical shape. Irregular forms of certain planetoids or nebula^^ arc 
rather exceptions and tlie origin of these must be sought m some type of forces 
other than simple gravitation. The iiresent position of the study of these dynami- 
cal conditions relates to rotation, pulsation, oscillations of some other tyjic, 
progressing variations and rotation and revolution of tv\o or more bodies, it is 
quite obvious that the problem of figures of equilibrium, tlioiigli important, 
i.s (piite difficult one iSmiic of them need very advanced mathematical tools foi 
analysis To-day the two important fields m this direction are : the small defor- 
mations of a gaseous mass and its stratification which have application in stars 
and the vaiiation in visisosity. plasticity and the period ol solidification whicii are 
important loi the theories of the cold bodies like the planets. Observational 
confirmation of the theory can be available only for the Jiniited ca.ses of nioinber,s 
of the solar system The zonal rotation is important hecause it is actually ob- 
served 111 tlu ease of planets like Juiiiter ami vSatiiru and also for the Sun. Jjaw 
of variation of tiiis zonal rotation from poles to the equator still remains an 
empirical one. 

Tn vieiv of what has licon said above the book ‘‘Tlicoj’ies of Figures ot Clelestial 
Bodies” by W. S. .lardetzky, who has himself contributed a lot to this field, makes 
a vor>' goofl addition to the existing literature, all the more so because majority 
of the original papers are in liingiiages other than Fnghsh. The book is well 
written. It is equally important to and can be apjiredated by both beginners 
and advanced students m the field In this hook the jihrasc “equilibrium figures, 
of a body”, has been used in a more gcneial sense Avliich includes the slratification. 
In the first jiart, in a fev^ chajiters, the author has deveiojicd tiie matlu'inath'al 
theory according to historical scqueiieo. In the second part applications of the 
theory are made for explaining observed situations for the earth as well as other 
Xilanets. The probable explanation of Saturn’s rings is also suggested. The 
stratification studies wliicli are applicable to stars anrl for which no observational 
chock is possible has been dealt .summarily. A brief account of the system of 
binaries is also given. 

The order of the material is excellent. The book contains a bibliography 
of almost exhaustive references for further details on the subject. The study 
of this book can form a very good background for any student who wishes to 
work in this particular field. The printing and the quality ol the paper make 
the book easy reading. 
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A MICROWAVE ANALOGUE FOR X-RAY DIFFRACTION 
PART I. EFFECT OF THE CRYSTALLITE SIZE 

G. 11. MITRA ANU G. S SAND AL 

Departmknts of Physios ELEPTiacAr, Communication ENOiNEEuiNa, 

Indian Institute op Technology, KiiAu\orTin 
{Received, Jaumry 27, UKJO) 

ABSTRACT. Diflroclion of X-vaya by a oryatal ia analogous k that of niiorowavOR by 
a throf dimensional array of HcnH.orora when IJio dislniien of ono seiiit-erer fi'niu aiioihor is 
of tho same order of uiagnilvide as tlio wave length ( f the luicrowaves. Thus all phenomena 
connectod with tho diffraction of X-rays by crystals arc oxinoied to bo obtainod diu' tu tho 
scattering ol iiucrowavcs by a three dniionaioiial aiTangoinent of soatkTcra, To viTily this, 
inoiallio Hcattnrers in tho form of small cybnd’'i.s have been ai ranged lo form tho model of 
a crystal having tetragonal lattino parainotor (fa- 3.2 cm and r — -I 8 cm. A lattice r f 
900 snob unit colls liave boon irradiated by microwaves ol uiivolengtli 3.2 ems Brapg s law 
has been found to bo valid for tlic (LOO) niul (110) plimos ot this crystal model. Tlu* ritensiiy 
distribution eurvo.s around those tw(' rotleotion maxiiuu have been studiod for 10, 7 and 4 
planes in tho h-dire tion. Tho hall intensity widths have been oomjiared with the forimila 
duo to iSohorrer. Scliornu' formula has boon found lo agree fairly well v'lth oxponment.al 
data. 


TNTRODTJnTlON 

As is AYoll known, all the phenomena concerniriK diffiautioii of X-rays by 
i-rystals have been explained on the basis of extremely short wavelength eJeotro- 
magiietic waves being scattered by atoms placed at the lattice points of a thrcM' 
dimensional periodic structure. The .scatt.cred elecitromagnetic waves interfcTe 
with each other and in the directions they reinforce each oilier there is obtained 
a diffraction maximum. Tho pattern of the dilfraction maxima de])eiids on tlie 
arrangement of tho atoms in the crystal. Thus a study of t-he diffraction pattern 
of a crystal reveals the arrangement of atoms in it. 

Tf a lattice is constructed with metal or dielectric sc^atterers at the lattice jioints, 
the lattice constants being of the order of continioters, its behaviour towards centi- 
metre wavelength microwaves should he exactly similar to that of a crystal to 
X-rays. Recently Allen (1955) described the verification of Bragg’s law for 1 2-cm 
wave length microwaves and a model cubic structure of lattice constant 16 cm 
havhig metal discs mounted on wooden rods. The model was eight planes long, 
4 planes high and two planes deep and so consisted of sixty-four unit colls only. 
Allen obtained diffraction maxima in the first order a.s well as in the second order 
for the (100) planes only. Since this is the first experiment of its kind, if. 
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has r‘()iisi(l(*TC(l worlli while io repeat the expi'iiineiil (or anotiiei ciystal- 

lo^ra])liie sysliMO, viz the lelraj^oiuil class witli lar;;ei mimher of iiuil cells so that 
a ('rystal could he siniiilat cd more realistically. T< has also been flceided to study 
the effc('t of the crystal size on the. width of the intensity disti'ihntioii curves. 

E X P R 1 M E N T A f. 

A lattici' coiitamiiig nine hundred unit (.ells has been constrneted Avith 
bi'asH scatterers at the lattice points. The brass seattereis Mere cylinders liavini^ 

I cm diameter and 0 5 cm height and jirovided with a small hole in the middle for 
passing jilastic threads through them. The ])lastie threads Avithoiit scatterers 
well' tested for theii“ sc.attering power and were observed to have none or at 
least' very little. This lattice w^as supported in a w'ooden strmdnre provided with 
arrangeuKuits for ((uiek i eari angenient. of the scatterers. The lattice constajnts 
in this case w-ere u IJ.2 ( in, h — 11.2 cm and c 4 S cm v 

The lattice W’as irradiated by a microwave horn and the diffraction palti^n 
about the lattic(' was measured by another mii I'ow^ave horn Both these hoi ws 
could be rotated about a common vertical axis of lh(‘ lattice The iniirowaA^ 
signal Avas generated by a klystron (72I1A/B) and was fed to the radiating horn 
The second microw^ave horn, acting as a receiving antenna, picked up the diffracted 
signal and led into a crystal detector 'Phe klystron was S()uarc-wave modulated 
and the video siinare wave at the output of the detec.tor was measured b_\ an 
ani])lifier The diffraetjon pattern was obtainecl by nn'ording the ]mtput of the 
amjilifier at various settings of the reieiving horn for a ])re-determined ])OKition; 
of the transmitting horn. 'Plio scattering due to the wooden li'ame and the walls 
(d'C. of the room w'as (ii'st of all studied to detei-mine the zero lcv(d of the signal 
reticived liy the detectoi . This w'^as made An'-rv hnv compared to the signal fi’om 
the three dimensional array The ])olar diagram me of the radiating hoi^n was 
studied to fiixd out the effect of instrumental broadening on the intensity distri- 
bution curves. 


HESUbTS \ X 1) DTSnUSSTONS 

The incident beam of mierow^aves w'as normal to the (bOl) direction and 
leadings were taken only for- the (100) and (IJO) iilam^s. A diffraction maximum 
was obtained for both the ineident as well as the diffraeted beams making an 
angle of 30° with the planes parallel to the X-axis This corresponds to the Bragg 
angle for the (100) plane of the lattice under iim^stigatioii Similarly, a diffraction 
maximum was again observed at 44° c.orres] winding to the Bragg angle for the 
(110) ])]anes. Thus Bragg laAv w as found to he satisfied at least in these two cases. 

Next the effect of particle size w'^as investigated. The intensity iw angle 
curves in the vicinity of the 44° and 30° scattering maxima for 10, 7 and 4 planes 
in the h-direction Avere drawn and their half intensity angular widths were 
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The ineaKurpd Jialf mteusity widths have been com pared with those eal- 
culalofl from the well-known Kcherrcr formula (1918). Wliile calculating the half 
intensity widtli 

,, A 
' t cos 0 

where A is the wavelength. 0 the Bragg angle and f the crystallite siz.e, /- has been 
taken to be the thickness of the crystallite in the {hkl) direction. It is observed 
that the measured half intensity widths agree rather fairly well with the Scheirer 
formula. It is to be noted that all the planes normal to the (110) direction did 
not have the same numljer of scatterers in them. iiie end planes possessed 
very few scatterers It is clear that it is ne(;essary lo have the intensity curves 
for the planes free from overlap from scatterings due to other jilanes To achieve 
this, the lattice dimensions have been so taken that only Iaco Bragg refledtions, 
namely, at, 30" and 44 '30' are possible for the given sotting of Ihe crystal model. 
Kven then thei’o has been certain overlaii between these siiattcrings due to the two 
planes. The intensity distribution curves sbowm in figures 1 and 2 have boon 
rlrawm after eliimuatiiig the effects duo to such overlap. It must ho noted That 
in caleulating the half intensity widths the measurements of the parameters' in- 
volved have been fairly accurate. The elose agreement of the measured half 
iiitensit,y widths with Sohorrer’s formula is rather interesting. 
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OSCILLATIONS OF ROTATING COSMICAL BODIES 
IN THE PRESENCE OF MAGNETIC FIELD 

.1. N. TANDON 

INuKN N^ITIOVAL (lOMMlTTKK POK 'J’llK IGrY, K \TION U. I’uYIsICAIj ) ^ AHOIlATl IJI\ , 

Dkuii 

{h'vcfiml, t'ebrudiif li, IlUiO) 

ABSTRACT. Tho I'Hcrt «!' rcitabioii an the radial iiulHalians of cosiukjhI (lunl luaHriOs 
\n(,li K|icH‘ial to H|)h(M’ical iuh.«m (luajjiiotic varialilos) and cvlmdrical mass (spiral arm. 

,solar-ion stroaiii) has honn iii\'c'Stii?atod wdwui ti e lluids are havmir \'oliimn nledne eiirroiilH. 
Two luodols oC (lurrouls systc'iu are i-oiisulored for oylindrioul mass, viz,, eiroular I’Uirrids aiid 
Ime fiirronts. It is found that hir radial piilsaiious, rotaliuu in f^ciKMal, helps m the dynaiuieal 
stahillty ol tlii^ cnsinical bodies. 

I. ] N T 11 O I) rCTiON 

TalsMir and Tamloii (1956) have earlier obtaiiiod an expressiou Ibr the 
li equuiicy oi radial pulHaiions of sphoncai luaHseH in the preHenne ol“ inofriielii 
field (inagnetie variable stars), The magnetic held was assumed to bo axially 
symmetric and derivable from volume currents tlowing in the interior of the 
stai-. They also obtained an upper linut for the magnetii- held above \s hich tho 
star will become dvnamu ally unstable jirovided P ■ -1/3 where r is the ratio 
of the t^vo specihe heats Hirnilar jiroblem for radial pulsatioiiB of the nihnitoly 
long cylmder (spiral arm solar-ion streams etc.) having Audiimc eurrents ha.s also 
been investigated by 'raudon and Talwar (1957). Two spceial eases, (I) eircnlar 
(Mirients and (2) line eurrents are investigated It is loiind that tlie (iylinder 
remains dynamically stable for both the models 

111 this paper wo have investigated the enTecl ol rotation on the frequency 
of pulsations of the cosmical masses having volume c urrents, deals with the 
radial pulsations of rotating spherical mas'^ and is of groat sigiiiheance lor 
magnetic variables. Ledoux (1945) has treated the similar problems for non- 
magnetic stars and has obtained the expression tor frequency of radial jiulsa 
tioiis. Our expression is similar to one obtained by Ledoux except that an 
additional term Jr . (JxH) dr along with gravitational enei-gy term il has licen 
obtained It is also shown that, rotation helps in the dynamical stabilit}^ of the 
star provided ^ -< r < ^ In eonsidered tlic! efleels of the rotatioii 

on the radial pulsations of cylindrical fluid masses. Tho two special cases of 
the voiiirac currents, viz., cireiilar and line (iUiTeiits have been le investigate 
It IS found that rotation helps in the dynamical stability of the cylinder also. 
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2 PULSATIONS OF KOTATING SPHEKE WITH VOLUME 
0 U li R E N T S 

The equation of motion of a uniformly rotating fluid mass having an 
internal magnetic held arising from the volume currents can be written as 

=— i grad ^ — grad V -\- ’ (JxH) 

at p p 

— wX(wXr)— 2(wXu)— ( X ^ ^ (i) 

where p denotes the fluid density, V the gravitational potential, p the pressure 
and w the angular velocity at any point. The magnetic field H and tlie Current 
density j satisfy the following relation inside 

curl H =47rJ 
div H =0 

and the field outside is continuous at the boundary. 

Assuming axial symmetry, u the fluid velocity vector will be in the meridian 
plane and the last two terms on the right hand side of oqn (1) are the only 
vector in this equation which are normal to this plane*. Thus we should have 

2(wXu)+ ( Xr j ==:() ... (4) 

and 

* grad jj— grad K+ ^ (JxH)— wX (wXr) ... (fi) 

at p p 

We multiply equation (5) scalarly on a vector r and integrate over the entire 
mass of the configuration. The left hand side of the equation becomes 

M M 70 ^ ^ 

I r ^ “ rfm = J r . dm = \ -g J r^m- j | « p-rfm ... (6) 

whcr(‘ dm =- pdT{ = pd'j\ dx.^ dx.^) 

and the integration is effected over the entire mass, M, of the configuration. 

* It nmy l>o noted liero that wo aro I'estrioting ourselves to a oaao when the olootro- 
iiiagnctic Jo too J x H also lie.s only in tlio moridiaii piano. 
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T= i j \u.\H 

denote the inovcmciit of inertia and kinetic eneigy oi' mass motion respective! \^, 
we have 

j\j 

2 til I \ ' 

r 

Af M 

— j" r , (grad V)dm- j* r .{wX(wXr)}dm ... (7) 

The tliird integral on the right hand suh- of this eciualion reiJi'cseiits ihe gravita- 
tional ])otcntial energy of the eoiitigiiration. Now 

I r . grad^) dr — | r.dS - 1 2> dio r dr — —3 | p dr ... (8) 

r s V V 

since the gas pressure vamshes at the hounclary of llu* surface. Tims we should 
have 


I r . grad p dr — — 3(J''— l)f/ 


where U is the internal energy of the system. Noav, since r. w - 0, the last 
integral on the right hand sale ol' eiiiialion (S) can lie mitten as 


Jl/ 

J r . {wX(wXr)}dw^ | w^.x:^-\ y^)dn 

m 

I irdm. 


where W i.s the total angular nioineiitum Furthei’, jmtting 
AT 

f * r.(jxH)dm — 7 ? .. (H) 

J p 

the eleetromagnetic energy of the fluid, and suhstitiiling the values of various 
integrals in ecpiation (8) we find 

^ = 27’+:i(r -i)a-[ 


( 12 ) 



110 


J, N, Tandon 


This is the Virial theorem for a system of rotating fluid subjected to electromag- 
netic field. We shall now apply tliis equation to the adiabatic pulsations of a 
rotating fluirl in which there are l)ody currents. In analysing this problem we 
shall ad()])t the Lagi angian mode of deHcrijition and follow each clement of mass, 
dm, as it moves. 

Cyonsidering periodic oscillations with angular frequency we shall let 
denote the disjjlacement of an element of mass dm, from its oquilibrmm 
position /•(, Similarly, wo shall delude liy and 

the corresponding changes in th(‘ other physical variables as we follow the element, 
dm, during its motion. The assumpiaon that oscillations take place adiabatically 
requiies that the chajigcs in ])reHsure and flensiiy, as we follow the motion, should 
satisfy tin; |■(;latlon 


(ip ^ r p 


(13) 


where V is the ratio of the specific heats (assumed to be constant in spac e and tiniu;) 
while the (iquatioii of coiitinuily 


Op 

(ft 


p div u — 0 


requires that 


^p 

P 


div (i'r 


(il) 


llcturiiing to cqualion (4) and aHsiimmg ^J-axis as the axis of rotation wo 
can wj-itc if in cylindrical coordinate system (to, as follo\\s 


dto , doi 
“ <Tt 


(If)) 


Upon intogiatioii this leads to the relation 

wixi“ coustaut ... (10) 

whicli can also lie expressed in cartesians as follows 

-1 i/^) — constant ... (17) 

Kquatiiui (4) simply ex])i esses the eonservaf ion of angular momeiitum w. 

Letting Sle''"*, and denote the changes in 

I, 12 U, E and wW respectively we can write e(jnaiion (12) as 


... ( 18 ) 



Ill 


Oscillations jof Rotating Cosmical Bodies, etc. 

Since to the fij’st order in the displacement, the terms involved m T do not make 
any significant conti-ibutioii. 

Now 

Af 

2 I r ^rdm (IM) 

M 

'.\{r i)r^ r ~ I S{pjp)(iw 

^ 'f' f Sp pSp \ 

J \ f> / 

M 

. 3(r 1) f th'dw 

j p p 

•Kl" U J P div 8r fh 

V 

3(1^ [1 f /^drj 

&• r 

- 3(r -1) I Sr grad p (h ... (20) 

r 

In ohlaiiiing ocpialioii (20) wo Jmvo made use ol tiu* o(|iia1ioiis (13) and 
(14) and ol the fact Dial the lUnd prossun* vanislioN on llio Ijonurliug wurl’aco 
Pnrllitn for the (Hpiilibnum eonfiguraticni e(|ualiou (5) give.< 

giad p - -p grad l'^-i-(J - H) p'w • (w ' r) (21) 

Theroioro 

3(r -|),^^f; = 3(1' I) I Sr gmd prh 

V 

M 

3(r - I) 1^ J /!> r . grad 1’ dm 

r I Sr.{J'^H)dT ... (22) 

V 
M 

- I (Jr . {w <(w “ r)}(iw j 

A# 

Sq — j (Jr . grad T d.rn ••• (23) 


rnrtlier wo have 
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But 

M 

-III'; -I 

-p {(<SjxH)+(JXiyH)}] rfm 
-- I <5r) -r}(JvH) (24) 

, r.{(rfJxH) I (J4 mWdT 

iiiici sinuu the total aiigoUif inomoiitniu is ju’cservud diiniig pulaatious, wc havi 

(5(^1^) ^ (25) ' 

Snbrttitiiting equations (19) to (25) in tMjuation (18) we get 

M M 

I r . f5r dm - -(IIT— 4) J (5r . grad Vthn 


K31'-2) j #r.(JvH)rfT 

V 

+ I (<liv A' r) r . (J ■ H)rfT (26) 

r 

I I r.[(AJxH)+(jxAH)MT 

V 

M 

-- 3 (r— 1 ) I r . {wX(wXr)|rfr/ 

+ W Jiw 

This is the required integral formula for The change following the 

motion is given by (Chandrasekhar and Fermi, 195U) 

m = curl ((5r xH)+((yr . grad) H 

while (Jj Avill be evaluated by substituting the value of this in eqiiation (2) re- 
membering that the independent variable is / q and not r while following the motion 
'fo olnam tlie approximate relation for the frequeney of pulsations we put, 




( 28 ) 
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where ^ is constant in apace. Thus il can letwlil)- be seen that 

SH 

.. (29) 

=— 2|w 

and 

M 

J rJr . { w X (w X r)}dwj ^ iivw 

Substituting ecpmtioiis (2H) and (29) in ccpiatiou (27) wc ol)taiu niter some reduction 

M 

(T^ I r=rf.ni— — (sr— 4)f£+n]+(ri— :ir)u>H' 


<j-“=--(3i’-4)^?+(r.-:tn ... (SO) 

It IS evident from ecjuatiou (30) that rotation like gravitiitiou helps in the dynami- 
cal stability of the sphere provided ^ I' Also there exists an upper liinil 
for tile niagimtic! ficOd set by tlie following ecjualion, viz , 

^=UM- ... (31) 


3 BADIAL PULSATIONS OF A KOTA TING Y b f N D 13 K 
WITH V O ]. U M E CURRENTS 

Let us now eoiLsider an iiiliiiilely long cylinder, rotating with a constant 
angular velocity w in which the cun cuts are flowing. The equation, of motion 
for the radial pulsation of such a configuration assuining axial .symmetry can 
be written as follows* 


du^ 

dt 


1 dp 
p dco 


2Gm{ty 


+ — ( j X H)rrtrf,o/ 


-fwx(wx ... (32) 

and 

2(wxu)+ ( ■■■ 

Here m(co) is the mass of the unit length of the cylinder interior to oi Equation 
(33) with Z-axis of the cylindrical coordinate system (o, d,z) as the axis of the 
rotation can be written in the form (after integration) 

— constant . . . (34) 

* Here we assume that ; X H has only radial component, 
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'I’hiH equation Kiin|jly expreHsos the eoiiaervatioii of angular iiioment-uin. Multi- 
plying equation {32) by w and integrating over the entire mass of unit cylinder 
and proceeding t*xaclly as in § 2, we find 



1 r/ a r 

2 dP J 


Mu ~ 2T 


(3r)) 


where M is the luass of llie unit eyliiidei and T is the kiiietii- tMicrgy of the jiuish 
motion. Also 


to dp 

p dw 


dm ^ 


-2j /Wt- -2(1'- 1)1/ 


(:w) 


Since (liv 6j - 2, for a 2 tlnnensional case and U is the inteinal energy jier un|t 
length of the comKguration For a homogeneous fluid nuiss Me further have 


f 2(hu 

to . — 

J f') 


dm - HM- 


» . ( J V H)t/w/ = hJ 


and 


J to jw ''(w v t.))lt/'//? - I 


wdW lelf 


m 


where dW -- ^eto- and m is flu* angular momentum pei unit length of the eylnider 
HeiU'e the Vhrial t heorem lor the study of radial pnlsatmns ot an rotating infinite 
eylnider having vtilmne eni rents will he 


‘ I Mn 27 ' I 2 (r \)U <iM^ \h]-Vw\\ ( 40 ) 


'fo study the radial pulsations we adopt as hetore Lagraiigian mode of deseription. 
Now consider periodic pulsations with the fretjueiiey rr and let denote tlie 

displacement of an element of mass, dm, from its e<iuilihrium configuration, co„ 
iSimilarJy, denote the eorreH])ondiiig ehaiiges in other phvsH*aJ variables by dpe*"' 
etc. Furllnu'. the change in the pressure 8p for adiabatic pulsations and the 
eipiatioii of eontinuity are represented by equations (13) and (14) respectively, 
|ji»ttiug and denote the idiauges in quantities U, E 

and wW we liave from tlie Virial theorem 

M 

fr‘^ J 6)do)r/w — 2 (r l)<5ff--i i‘>'ilr’-!-d(irW'’) 


( 41 ) 
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Since QM~ is coiistaiit and to the tiisl order in llie rlisplareineui , tlie terms in 
T will not make anj’^ contrihution. Further, 

2 {r-[) 6 U til 

J <7fi) 

1 

siuee the pressure vanishes at (he houndinu; suiiaee Novi loi (lie e()Uilihrnnn 
e0Jifi}i:nrnti(m 


(lo) 


l<im 


P * ( J HjjtfiUfli 


/I’W ' (w ^ 


Miiltiplyiut' tins (Mjualion li\ (Vto and pidtiiiLr 

,y(.) == ^ro 




we find 

2(r- l)fyt/ -2(r l)l ~ j 


w 

I Jio. JfOTnfi (4-:t) 


Further 

f'l'/? J {| -I- (liv(e<.)j}{(o . (J - HIMt" 


j w.|(«j X H) 4 (J '' <5H)|rfT 


(4t) 


and 

fy(/erF) -- 

Hiivee the an<jnhir monieiitinn is eoustant Now From eijuation (114) we 

'riierefoie 

ry(//dF) - 2 iirW 

Heiu.e etpiation (41) w'itli the helj) of equations (43) to (40) reduees to 

M . M 

cr^ ^coVw - - 2(r I)|^ - | (J ^ H)dr 
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— J w^dm j + J -h cliv(^6))]Loj . (J x H)](ir 

V 

+ J w . [(5j X H) H- (J X ... (47) 

V 

l^his is tlu" j'equii'od iiitograJ fovniuia iin* Uie trequeiioy of radial pulsations of 
rotaiiii^^ iiifiuitcly long r.yliiider foi all eurrejits distrilniljou having axial symniotry 
Tho (“haiigt'K (1>'H in tho niagnotic hold and r5j in the euiTeiit density oaii easily 
be evaluated with tlie help of equations (27) and (2). 

Let us nov^ obtain the approximate expression for the frecjjueney of pul- 
sation lor two spoeial cases of magnetic fields, viz , poloidal and toroidal 
Auluck and Kothari (1 057) have discussed these two systems of fields in detailj 
Let us make use of the msual assumption made in the theory of adiabati^ 
pulsations ol stars, viz.. 

f -= constant in space. ... (48) 

Case (i) The magnetic lield is ])oloidal 

This poloidal ruaguetac field is deriv'^ed Irom <*ireular currents of the lorm 

i £ .«} 

such that 




we get 
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M 

or2 I Mm == 2(r - + 2(2 ^ r)[2/?;' -f wW\ .. (54) 

ThuH, in the case of rotation the ((M*m '2hJ' of (Miuatiou (25) of Taiidon and TalAvai 
Jias been replaced by 2 E'-\-irW. This clearly indicates tliat tlie rotation is 
similar to magnetic field and hel])s in the dynamical stability •)! the cyhnder for 
radial pulsations in the iircsenc-e ol (avcular euvrents. 

Oasc (ii)-''rhe magnetic field is toioidal 

For this case we consider a Hvstem in which there are Imc' currents of 
constant value such that 



and hence 

H ^ (0, A’ci), 0) . . (56) 

Avhere k is a constant The change in the magnet-ic field and tin* change in 
the current density will then be given by 

m=- m 

and ... (57) 

Sj ^ j 

The equation for the trequency of pulsations thus becomes 
m 

(T-> ( -- 3(r- i)r;ji/2-3(r-i)| <0 .(jxH)rfT -2(r 2)H.ir . (.w) 

V 

Further using the abbreviation represented by equation (53) we obtain 

M 

J Mm = -2{V l)(/ifa+«(r--l)F -j-2(2’-J>H’ ... (59) 

This equation clearly indicates that the cylinder is stable for the railial pulsations 
in the ])rosenee of line currents as well. 
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AN ARC TYPE WATER-COOLED ION SOURCE FOR 
POSITIVE IONS* 

S. Z, R. HASH MI 

MurLKAH Piiyhu's Spii'kion, Hu kncm Socnrrv AsirNAtivii Kyiiichaimu f)N. 

{lievi'nmL April 20, 1950) 

ABSTRACT An nvi' l-yiu* watnr-nniilrd ion houito for iiOHiiivn joiis of siiuplc' nouHtruc- 
lion iuid rohabh 0]j(iiaUon ih (Ifsin’iln'd in which the aiLodc-liiiiiuoiit awscnilily cuu he readily 
ohangod. The charaetiM iHtie eiirvos of the Hoin((\ are givoii Operating at an me euiToid 
of 0.4 amp a total hotuo eiineiif of 500 luieru-am^KM'ota ik prodneeil with a ])iol)(s ])otoiitml 
of ahool SOOO voltH. | 


f N T K O 1) n 0 T [ 0 N 

A low voltaj^o arc; t.v[)e loii sourcp was installpd in lOnfi in conncidioti wjt'l\ 
a ndO Kv Van do Craaff acceloraior to provider positive ions for iin (dear disuitii*-\ 
ovation ex]unTinfnts, T}u‘ ion sonne desevilied Innc is 1 Ik‘ tliird oiu' to he tried 
out. ddie liist ion source was liascd on a design of All(*n (li)3S) 

Tlie se(-ond ion source and the tliird, the piesont one iiu orporaft^d nnpiove- 
nuMits and siinpliiications on the oidginal d(‘sign Attinnpls liave heeii made to 
iueorporat(‘ di’isirahle features found in ])n*vions d(‘signs of various tv]i(‘s o( ion 
sources ((^rane 1037 ddinoHlieiiko. lOIlS; Smith and Scott 1030 l/iviiigslon 
Hollovvav ('i: Balnn- 1030; Chdling l%k & Vogt, 1030, Kinkelskdn. 1040, Allison 
104H, Sivann and Swingle, M)r)2, (loodwiii 1053 and Barmdl, Steiv and Kvans, 
11)53), e.g,, reluihility , long (ilanuMit li(e, easy accessihilitv of parts etc. The 
source has he(Mi constriieted of inaleiials readily available in the lahoratorv 

DKiSCRirTTON 

'Pile .soni ee is pictoi‘uill\ repr(‘seiite(l in Fig. I Th(‘ (‘onstrin (ion of the 
source can he iiiuhn'stood from Mg '1 The body of the source is made ol brass. 
The hlaineut-anodc asscMiihk is mounted on a single plate (A) whn h can he ri^.adily 
replaci'd wdth a similarly constructed assemhly and c maediine screws 

wdiicdi hold the filanieiit. and anode sa,ssemhly. Tliet also serve as electric leads 
(hrough the poreidain insulat-ors. whieli are made vaeinim tight by using lead 
gaskets. Th(‘ hard glass eiiveloiic D (‘oiifincs the discharge. othcr’wis(‘ the are 
spreads out and little enrirnt can he drawm hy the firohe voltage. During the 
experiment i t w'as found that oeeaaioiially dis(diarg(\s would take place hetAveen 

* C''oiiimimioat-ofl hv Or. J C Kmiinslnvar Rav, 
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the screwH a, b ajid c , therefore, tliey have been, covered with glass tubes to 
oliminato uiidesiralde discharges. B is a Mycalex piece wdiich holds the probe, 
M'hicli can l)c aligi\ed by ineans of the screw d. The prolie is made of steel and 
its front hole is drilled by No. oh drill. 

After (‘onsidtnablc experience with tunsten-nickel coiiibinaiions coated with 
alkaline earth oxides, we have dce.ided on x^nre tungsten wire lllameiits. In the 
original design of Allen (111, ‘18) the distance between the anode and the lilamont 
was kept vei y small for easy starting of arc. Oui exjieriments with close tungsten- 
nickel filaments <*oat(^d with stnmtium and bariinn oxides have shown that although 
the arc would strike easily, sometimes the wii'e would break and avouIcI touch 
the anode tbei'eby short -circuiling the xiower, Axiart. from this, unguided lila- 
ments are rljffi(!id( to align witli the result that the ion beam goes out of focus, 
as pointed out by Fulton and Gabrich (1952). lu the new'^ liJainents, x>'’‘>visioji 
has been made to guide the helical form of the til ament with three mica piecesl 
Ry using such guides the distaiwie between the lilainent ami the anode has bceiA 
made uniformly as low as 3/32". The filament is a helix of mm thick tungstoii 
wire It reijiiires a eurreut of 8 -12 amps at about 8- 12 volts. The striking 
voltage for the arc is about 250 volts, wdiieh is .supplied from a SOtiA mercury 
vapour roetifier set. 

'riu* (lisaxDpojiitiiig results with the oxjde-coateil tungsten -nickel filaments 
might be due to t.i aces of oxygen x)resen.t m hydrogen or vacuum system or due 
to non-trap])iug of organic vaxiours. However, X)nre tungsten tilameuts seem to 
be satisfactory except for Jieavy current consumption. 

P KRF OKM ANCE 

The accelerator is 0 ]ierated with the ion souree at ground yiotential, the acce- 
lerating lube being scjiaj-ate from the Van de Graaff generatoi'. The usual 
electrical operating conditions of the ion source are given in Table 1. 

rABLF J 


i. 

Arc iJurvent 

400 mA 


Starting A'oltage hir are. 

200 volts 

:i. 

Voltage drop; anode to fllament 

BSi volts 

1. 

Filament current 

_11 amps 


Filament voltage 

0 5 volts 

fi. 

Pro bo voltage 

3.2 Kv 

7. 

Beam ciuTent 

600 Micro -amp 

8. 

Foous voltage* 

10.4 KV 


* Applied while working tho accelerator. 
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The curves of Fig. 3 show tlie beam current put out by tlic arc. nud tJie 
current to the probe face, as a fiiiictiou of tho probe voltage at various arc ciirrents 
The beam current is the current at the first electrode of the accelerating lube, 
next to the focus eleetrodo (not shown here). Then* was no focussing voltage 
across tho first gap during these measurements and the are was operating on hydi’o- 
gen gas. 



Hough stuflics weie made of the rate ol consuniptiou of the gas and the pressure 
when it was operating. 'I’he practice tliat has been Ibllowod is to adjust tlio leak 
till the pressure in the ion souiee uses to I oYl<)"’*inin ol Ifg, when measured 
with a gauge The rate of consumption of the gas is then abmil 25 e.c at atmos- 
pheric pressure pei* hoiii. The pumpijig sjieed on our accelerator as given by the 
manufacturers of the pumps and estimated from putU]) orifice dimensions is 40 
litres per second. 

We have two du])lic,ate asHeinblies of tho filaments made on anothei* arc jiort 
plate Fn order to change tlie tilament assoml)Jie.s, the diffusion jmrnp is allowed 
to cool. With the fore pump m operation tJie entire plate is removed and the 
new plate inserted and tightened The whole ofieration take.s less than two 
minutes and the pressure rises a little through the ju-obe canal. On the whole, the 
trouble iliie to any faults in t,he design has been negligible. 
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THE EMISSION BAND SYSTEM OF IODINE 
IN THE BLUE VIOLET 

P. B. V. HAllANATH* and T. A. PRASADA RAO 

PiiYaios Dep^lhtmknt, Andiika Ukivkusity, Waltaui 
{Rec&tvtd, Noeemher 28 , 1959 ) 

Plate T A & H 

ABSTRACT. Tho fJ — 11 iSyatoiri ot lotlmo lUoltMMiln was fouiul to bo iiioio (»x.lnii«ively 
dovoloijod wlion thi> K]uiiili'um, ^\as oxfitcd m « (‘ondiMisod dwoUarj^e from u inuaioii tiaiiH' 
formoi*. About 150 bands woro iiowly eliinsdied aa Inmunj^ ]mri of tho inovioualy kuovvii 
D— E aystoiu for whiob Waaor and Wiolaiid suggostod tlio vibrational qnantmn forini.la, 

INTRODUCTION 

rteeerit luvestioatiouK on the spectra of lialogeiLs by Haiauath and Jiao (l!)bS) 
Kave led to tlie discovei'y of a uinnber of discrete baud systems in the siicctral 
rejlioii A2400 AI40tl Besides the above new results, a number of pieviously 
known systems in llio visible and ultraviolet remoiis wete also observed in tlie case 
of iodine, when the vapour was excited m a condensed disi'harjre from a high 
tension transformer. The band system in the blue violet region A4400 - A4000 
was found to be more extensively developed lhaii has been reported by iirevious 
workers. Only 40 bands obtained in fluorescence excitation by Elliot (1940) 
and about 80 m electrical (jxcitation in the jireseiice of argon by Veiikateswarulu 
(1951) were known previously belonging to this system 

En the present woik, the iodine spcctniiii excited at higher voltages ot a 
condensed transformer revealed about 230 band heads some ot which are clearly 
degraded towards longer wavelengths This paper describes the results of the 
detailed investigations on th(‘ analysis of this band system attributed to neutral 
iodine molecule. 


results 

Details of the cxpeiimeutal tcclxnicpie employed tor the excitation of /the 
emission band spectrum of iodine in a condensed transformer discharge was 
already described by H arauath and Rao (1 958) . Tn the present work, the spectrum 
extending in the region A4500 — A3000 was photographed mainly on Hilger 3 
prism glass Littrow and Fuess spectrographs, the times of exposures being of 
10 and 5 minutes duration respectively. 

National Research Fellow. 
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The apjjearauccj of the spectrum in the region A4500 — A3900 pliotograplied on 
Kuoss iixstrujiicnt m sliowii in three strips a, b and c in Plate lA. They correspond 
resjjectivelv to spectra taken with different priinaiy v'^oltages 6()J(J0 and 140 of 
the transformer. At the lowest voltage th(j bands appear sharj) and are clearly 
degraded towards I’ed On increasing the voltage, it way observed that many 
more new' bauds appear which arc closely spaced. Under these conditions more 
atomic lines of iodine also appear simultaneously. Plate IB is the reproduction 
of the spiu truiii excited with 220 Volts of the primary ol the transformer and 
was recorded on the Littrow spectrograph. Measurements of individual baud 
heads m the ivgion >^4420- '/\39H5 on a number of plates j ceordefl on the above 
tw'o instr uments agriM* wiill with in 2 em“^. Out of 230 band lieads measured in 
this region, the data of about 80 band heads comeide very well witli t hose reported 
by VeuUateswarnlu. lu liable I are reported the wavenumber data (d the newly 
reeoided baud heads about J50 in nuiiiboi Avith the visual estimates of tlleir 
intensities 


TABLE 1 


Autlvors 

\va.yo 

numbor 

InL. 

Afl^iffnineni 

v',v" 

Oatculat-ed 

wavt> 

number 

Obfl. — < 



1,33 

22622 

H 1 

2:>(J0() 

2 

3,36 

22090 

- 0 

22720 

1 

0.30 

22728 

2 

22772 

3 

6,37 

22776 

-3 

22798 

1 

4,35 

22795 

f3 

22802 

1 

0,29 

22802 

0 

22823 

2 

3,33 

22823 

0 

22802 

3 

2,31 

22859 

-f3 

22878 

2 

0,28 

22877 

(-1 

22887 

1 

3,32 

22890 

-3 

22895 

2 

5,35 

22894 

+ 1 

2290.3 

ii 

1,29 

22903 

0 

22930 

I 

2,30 

22931 

_] 

22960 

.3 

3,31 

22959 

+ 1 

22978 

1 

1,28 

22979 

-1 

23005 

3 

2,29 

23004 

+ 1 

23045 

4 

10,41 

23048 

-3 

23050 

0 

11,43 

23052 

-2 

23056 

4 

1,27 

23056 

-1 

23072 

4 

8.37 

23067 

+ 6 

23079 

4 

2,28 

23079 

0 

23089 

4 

6.32 

23089 

0 

23103 

6 

3,29 

23104 

-1 

23115 

7 

0.26 

23110 

-1 

23121 

4 

6,33 

23120 

+ 1 

23144 

4 

11,41 

23143 

+ 1 

23169 

6 

2,27 

23157 

+ 2 

23178 

B 

3,28 

23180 

—2 
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TABLE 1 (contci.) 


m 


AuillCl'H 

wave 

jiuinbor 


21^222 

23226 

23244 

232H4 


23287 

23307 

23320 

23333 


233r)n 

23370 

23301 

23400 


23410 

23422 

23430 

23436 


23444 

23450 

23481 

234011 


23500 

23518 

2352G 

23540 


23500 

23575 

23600 

23653 


23664 

23676 

23687 

23705 


23711 

23728 

23733 

23748 


23753 

23758 

23773 

23700 


23803 

23827 

23848 

23851 


Int . 

v',"v 

(’'alcn la tit'll 
ivavo 
llUTIlboi 

(lbs -(^il. 

0 

0,36 

23222 

0 

8 

2,26 

23237 

-1 

10 

11,30 

23214 

0 

10 

0.23 

23284 

0 

10 

7,32 

23285 

h:2 

10 

5,29 

23302 

1-5 

7 

6,30 

23327 

h2 

0 

3,26 

233.37 


10 

4,27 

23357 

2 

0 

8,32 

233S1 


s 

12, 3K 

23302 

_ [ 

(5 

0,33 

23410 

-1 

8 

1 1 ,36 

23412 

1-3 

6 

7.30 

23425 

-3 

5 

13,30 

2343 1 

-1 

5 

4,26 

23136 

0 

10 

11,30 

23444 

0 

8 

8,31 

23450 

0 

7 

0,32 

23477 

-h4 

7 

3,24 

23502 

-3 

5 

12,36 

2350b 

1-3 

0 

4,25 

23518 

0 

H 

14,30 

23524 

+ 2 

8 

0,31 

23540 

1-3 

7 

15,40 

23565 

-5 

2 

2,22 

23575 

0 

3 

leUi 

23607 

h2 

2 

1,20 

23655 

-2 


2,21 

23665 

_] 

6 

3,22 

23675 

hi 


4,23 

23687 

0 

5 

19,45 

23703 

1“ 2 

3 

6,25 

23715 

-4 

5 

13,34 

23723 

+ 5 

3 

7,26 

23731 

f-2 

7 

1,19 

23740 


3 

14,35 

23763 

0 

3 

2,20 

23756 

4-2 

5 

4 22 

23775 

-2 

2 

6,24 

23708 

f-1 

2 

11,30 

23808 

— 6 

s 

12,31 

23830 

-3 

2 

16.35 

23845 


3 

2,19 

23860 

+ 1 
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TABLE I (ontd.) 


Authors 

wave 

uumljor 

Int. 

ABsigunioiit 

Calculated 

wave 

number 

Obs, —Cal. 

3;i874 

3 

5,22 

23874 

0 


3 

7,24 

238!)6 

-2 

23900 

2 

12,30 

23902 

—2 

23910 

5 

8.25 

23909 


23917 

5 

20,42 

23918 

— i 

23028 

6 

13,31 

23924 

+ 4 

23934 

6 

16,35 

-23936 

-2 

23942 

6 

1,17 

23941 

H-1 

23947 

2 

2,18 

23945 

1-2 1 

2398 1 

O 

7.23 

23982 

-1 ' 

23999 

4 

13,30 

23995 

-f- 1 

24003 

2 

9,25 

2J005 

^2 

24010 

3 

20,40 

24014 

-4 

24017 

3 

10,26 

24019 

— 2 

24032 

5 

11,27 

24034 

-2 

24043 

3 

3,18 

24045 

0 

24064 

2 

4,10 

24049 

-H6 

24062 

2 

6,21 

24061 

+ 1 

24079 

4 

8,23 

24079 

0 

24092 

4 

14.30 

24088 


241 1 r» 

2 

11,26 

24114 


34126 

3 

12,27 

24128 

-2 

24145 

5 

4,16 

24145 

0 

24149 

5 

5,19 

24148 

+ 1 

24166 

1 

8,22 

24166 

0 

24175 

4 

0,23 

24175 

0 

24206 

2 

12,26 

24208 

— 2 

24233 

3 

13.27 

24222 

+ 1 

24237 

6 

14,28 

24237 

0 

24344 

2 

1,14 

24244 

0 

24249 

2 

0,13 

24246 

+3 

24254 

2 

7,20 

24250 

+ 4 

34280 

2 

11,24 

24279 

+ 1 

24291 

2 

17,31 

24291 

0 

24302 

2 

13,26 

24301 

-hi 

24345 

6 

3.14 

24344 

-hi 

24350 

4 

1,13 

24346 

+4 

24379 

2 

13,26 

24383 

-4 

24306 

1 

14,26 

24394 


24407 

1 

16,27 

24400 

-hi 

24422 

3 

20,33 

24422 

0 

24447 

5 

3,14 

24445 

■ -h2 

24450 

2 

12,23 

24459 

, 0 

34460 

3 

10,31 

24470 

-1 
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Authors 

wave 

iimnbei 

Till 

Asai^uiuoiit 

v',v" 

Ciilfjulated 

wavo 

umiihor 

( 1 |) S . — ( ) 

24480 

1 

1,12 

24484 

-4 

24490 

2 

15,26 

24486 

+ 4 

24534 

5 

7,17 

24536 


24513 

5 

1,14 

24544 


24552 

4 

3,13 

24549 

-i'3 

2456] 

4 

1,11 

24562 

-1 

24583 

2 

2,12 

24585 

O 

24637 

3 

6,15 

24638 

-T 

24648 

3 

4,13 

24649 

-1 

24669 

1 

1,10 

24672 

-3 

24681 

1 

0,9 

24682 

-1 

24688 

1 

3,12 

24685 

-1 3 

24735 

2 

8 16 

24732 

1 3 

24749 

1 

5,13 

24747 


24798 

1 

0,8 

24795 

-1 3 

24819 

2 

11.18 

24822 

- 3 

24827 

2 

9,16 

24828 

-1 

24831 

3 

8,15 

24833 

— 2 

24846 

3 

6,13 

24845 

■1 1 

24874 

- 

3,10 

24873 

1 1 

24900 

1 

1,8 

24896 

-1 4 

24966 

0 

4,10 

24972 

-6 

24997 

L 

2,8 

24097 

0 

25015 

1 


25011 

l-i 

25032 

1 

9,14 

26031 

H J 

25043 

2 

8,13 

25040 

1-3 

25071 

1 

5,10 

26071 

0 

25084 

1 

4 9 

25084 

0 

25097 

1 

3,8 

25097 

0 

20112 

1 

2,7 

25112 

0 

25180 


>,9 

25182 

" “ 

25193 

1 

4,8 

25196 

-3 

25212 

1 

3,7 

25212 

0 



ANAL Y S J S 




Wa.iS(M' ajwl WielaJid (1947) wore Lho fiiHl to inojiost* th(' followjUf? vibraliojuil 
(|uant,iini forimda lor the bands of iodiiK* iiiolucido in ih(> blut* violc-i ni^ioii 

V ^ 25757.2^ (JOl.SSy' -d).34'//-)- "(I2H..W'- 9 () (KaTr"-*). 

However, they have not published then* experiinental data or tlie vibrational 
analysis of the hands VenkateswaTuhi (1951) l■(^]^orte(l the classilieatioii ofaboul 
4 
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so bAuds of this syetom on the basis of tbe »bove foriotila. his ^hjysia the 
seheme misists of assignments of bands with p' =^0 to 11 and v* =^0 to 38, 
Tbo wavenumbers of these bands are in close agreement with those obtained by 
the authors. Farther, the agreement between the observed and calculated wave^ 
numbers for all the 80 bands is remarkably good. Bence, it is concluded that the 
vibrational formula proposed by Waser and Wieland represents very well all the 
80 bands assigned by Vmkateswarulu. However, it is observed that there are 
a large number of gaps in the vibrational array proposed by him. It is possible 
to assume that the new bunds, 150 in number, obtained in the present investiga- 
tions could very web form part of this system. On this basis, the above vibrational 
scheme was extended to include the new bands. It was found possible that aU 
the bands in the region A4420 — A3965 could be analysed as belong^g to a single 
system whose vibrational formula is the same as that proposed 
Wieland. The vibi'ational assignments of these new heads were sho’*^ in ooliimj 
4 of Table I. The observed wavenumbers of all these newly assigned baiijl helds 
were compared with those calculated on the basis of the above formula thfc 
differences wei-e indicated in the last column. The extended vibrational analy^ 
oonsista of assignments of bands with = 0 to 20 and v" = 7 to 

The intensity distribution of bands of this system is indicated in Table II. 

It can be seen that moat of the strongest bands of the system belong to v' ^ 0 
to 6 progressions and the progressions with v'=0 to 5 are more fully developed. 

The intensity distribution in the system closely oorresponds to a typical Condon 
parabola which is to be expected for values of co/ ™ 102.2()m"-* and ti/ 126.6 


ELECTRONIC STATES 

The vibrational constants of the lower state of this system suggest that this 
is to be identified with the upper slate ®Ilo„+ of the visible absorption bands. The 
upper state of the system was already attributed to the molecular electronic 
configuration of which is expected to be lower in 

energy. These states give rise ixi (0(,+, 1^), 0,+ and 2g respectively in Hund’s case 
0 coupling. This system designated as D~B was tentatively ascribed to thie 
transition ^S/(V) ®llo„(0„+) by Haranath and Rao. Recently Mathiesou and 

Rees have discussed the dissociation products of a group of electronic levels of 
iodine, molecule lying at 40,000 to 65,000 cm-i by consideration of the ionic 
attractive forces operating. They found that the ueighboufmg states F and ^ D 
(D and C according to Haranath and Rao) at v41411 and v39293 respeotivdy 
dissociate into the same products of ions and They assigned the 

state at v41411 the upper eleoti’onio level of the blue violet emission band sysfein 
of iodine to the term ariaing out of the configuration (2242). Hence it 

reasonable to assign the D— J? system to the electronic transition 
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\vhioh case the selectioji nilcR ol’ Hnnrl’s rases C and coupilngs 
hold good .snuiiltaneonsly 
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ON ZERO MASS MESON-MESON SCATTERING 

B. DEO 

Pn Yarns DErAimnoNT. Ravens^caw Puttkck 

{Recnvefl, Dpcombcr, 10, lO.’lO) 

ABSTRACT. Tho forwArrl scatk^rinp iiiaii‘iv oloiiionis for tlin HC!ai,1x'nn(i; oT Iwd niosans 
(zoro mass) has luxui ralnulateil from pair rfiproduclion rrosK mh Iioii by tUn method of analytic, 
continuation. This liaa been coiU|wirod with l.he l''eyiiaiuan mnliiv elements tc the ruiiuved 
order. Gomparmii the results ol the two inothofls. the vnhin of the c.oimbM’ \0‘ k'rrn 

has boon evniuatod. 


r H TjR. O D ITjC! T|I 0 K 

Bpsules diver^mu-ioR, Ukm-c is a class of tlivergeiK^.cs (comparable to 

plLoton-jiliotoii scattering rtiveigency) peculiar to ineson-uiicleon interactions. 
The degree of divergence T) for i.he process is determined by thc^ well known relation 

D - 4- :V2 A’e - lie 

\\'}ier(‘ — number ot oxtoriial ferniioii lines 

7te — number of external Boson lines, 

Tims closed loops of fermions with three and four vertie(‘s of bosons are divergeui . 
For photons and pseudoscalar mesons wliich are of imjiortanco in ])hysios, a closed 
loop witli three vcrlieeM have‘ zero matrix oloinent But llio four-vertex diagram 
is permissible and also possible giving rise to processes like photon-photon or meson- 
meson scattering Therefore, siiilahJc counter term (i) or (ii) A0*, whore A,! 
IS the photon and 0 the meson field ojiei-ator, are to be added to the interaction 
Hamiltonian For elecitrodvnamics. gauge iiivanaiice forbids the oee.ureiice 
of tlie term in the Jjagrangiaii; as a eoiLseipienee, terms proportional to it 
can he dropped since they are iion-gaiigo -invariant Fortunately, however, if 
one ealcnlatcs the matrix elements there is no divergence if the eoiitrihiition foj- 
all the three basic diagrams are added up, as .shown hy Jaueh and Bobrlieh (1955) 

But for meson-iiieson scatternig, gauge invariance is not available This is 
the tirst (and only) divergent process Avhioh is not eliminated by a rcnormalisation 
of mass or coupling constant in pseudoscalar theory TluMcforc a counter term 
A0^ is essential. However the exact value of A even in the JoAvest order has not 
been calculated since no method exists as to its unambignous cA’^aliiatioii, as 
has lieen pointed out by Schweber, Betho and de’ Hoffmann (J955). Therefore, it 
is interesting to be able to coiiijilete this coiinlei term to sec to A\'hat extent the 
absouce of gauge iiwariauec can be compensated by alternate mode of thought. 
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FORMULATION OF THE PROBLEM 
We shall use natural units % = c — 1. 

Let a pseudoBcalar boson field 0 and a fermi field ijr interact, the Hamiltonian 
in interaction representation being given by, 

Hint — ig J (Px 

Tile fourth- order term of iS’-rnatrix which describes the effects under consideration 
is given by the Eeyumau diagram, (Fig. 1) 


or by the integral 

=“ r/^ J J J 


^ . Xt 



Fig- 1 

8^{x) being the propagation fuixfdion of the ferrni field (mass = m) 


' (27 t )^ e-^O *- + ] ^ ^2-|-w2-h 





p.x=^p. r—p^g. 

The transition to momentum space with 

^{x)=^l4>{k)£^^H^h ... (la) 


yields, 

5(4) = _ “ J d4j: j- j j dfk^ J dikt <l>{kMh^4>{k,)<l>{K)- 


.e 






whore 

6^(1234) = T<i»(1234) + T<2>(1, 2, 4, 3) + 2rta>(l» 3, 24) 


... ( 2 ) 
... (2a) 
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and 


r'i>(i234) = ■ 7’''-{r5®f(j>)rsSi'(/>-fc2)n*V(j'-*'2-*'a)r6'Sji' 


i'P tc.2 ky- ^ 4 )} 

r(3) _ y(i)(fc^^A.^) _ ^3j 


It IS easily seen that the divergent term is entirely e,untained in the ierma 
))ro])ortiona1 to in the numerator and is logarithmically divergent. Therefore 
subtrac;tion any term whatsoever, containing the log-divergent term shall elimi- 
nate this divergence. 

To get round this difficulty vve first note that the quantity we wish to subtract. 
IS essentially a constant independent of the scaltering angle. So our problem 
will be (’onsuhual)ly siinplificMl if vve (-an compute the matrix elemenf.s loi* forward 
scattering only h^t. 


fci — ]c\ — 5f» ^8 — — ts', y 

Then only invariant that can be c.onstriu.tcd is k.q, and in a e.m. system, k .<) ^ 
— 3t.i- foi‘ forward .scattering, »So we write, 


G{k, q) (J{k .q) ^ 6'(o)^ 0) a{t, U) . - • (4) 


where t — w^jin^ for (ionveiiience. 

The matrix element is a function of the invariant ---“2A; . f//4';n“. We 
can further seijarate lAie real and imaginary part ol the J^^unction 

Gii,0)^a^{t)-\-iaS) ... (5) 

The imaginary part a^it) is related to the pair jiroduction eross-section. 

The unitarity of S’-inatrix, makes it possible to uTiii' the total transition 
probability for the production of a jiair ol fermions by tw'o messoiis, 


This is evaluated by the usual substitution, (See reference R. Karplus and M. 
Neuman (1961)), 

,0, k„)^V(2 \k\ V)-i[^k)S(k„-Xk \ )+at(-^)«(i:„+ |t| ) 
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Avhei'e n{k) and — h) arc the aiuhiiatioii and creation operators and V a large 
ljut iiiiitc volume. The total eross-Hcction of pair prorliictioii by two mesons 
ol momentum 


--- /c ; — \k^^\ — thcji 


- . Tm (J{t, 0) 
W“r 


1’hiis 


. /t\ I ,,, 


i^ollowitig tlie .same pi-oeedure, the probability foj* mo.soii-mcson scat terinjA 


/'-[ J, 1 W)|^/(op ... («) 

when the difl. stiatteriiig cross-see.tioii in the forward direction me.m system is 


da- 

dii 




VVe see tliat pair piodiietion (!ioss-.yccti(m (Tputrif) HhaJl enable ii.s to wjjte 
r/ ,(0, 1). We .shall then resort to the method of analytic continuation, suggested 
by Toll (1052) and calculate « 2 (^, 0). 


I’AIK PllO D CJCT I OJST C fl O S S - ,S E 0 I O N 
The matrix clenieut for iiair production is 


^ V V' I I 


v*gr- nt 

Vepfej,'2w|2e)2 


•'W(p)[ 


7'g- 


j>-!hi 


2p . k. 


- 75 + 75 


'2'P . 


ys] 


... (10) 



On Zero Mass MesotirMeson Scattering 135 

ariBmg from the crossed and uncrossed Foymnau diagrams. The total scattering 
oross-section can be evaluated in standard way and one gets, 

r ' * ( ^ ‘ I 

--- 

J 
t 

-- 0 « < 1 ( 11 ) 
Equation (7) now gives 





However, these expressions hold good only f(jr positive and real /. 

For the use of analytic eoiitiiiuatioii we must know the value of liu. C/(/, 0) 
for t < 0. To find this out we resort to the Feyinuaii rlnigrams as depicted in 
Figs 2(a), 2(1)), and 2(e) which gives res])eetn’ely and of equation 

2{a) with /’j —--Icz^ — k^- q 



6 


(<i 

2 
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From general fonr-momoiitum conserva^iion we label the integrar fermidn 
lines as showi\. Figure 2(c) we have shifted the value of ‘p’ which does not bring 
in any surface term, since the matrix element is only log. divergent. Inspection 
of Figs. 2(a) and 2(b) shows that ,i 


rpa) ^ T^u^k.q) 

(13a) 

^ qm\gc~q) =. .q) 

(13b) 

rpa) 71(2) _ TU)(A;.7)-1 Ti^){-^k.q) 

(13c) 


'fiiis means that the matrix elements of q) can bo obtained from 

{k,q) by replacing q by -r/. Since the contribution from each diagram must 
be a bmctlon of the only available invariant k q, equations l‘l(?d and 13(c) follojvs. 

In diagram, Fig. 2(c), we notci imiqediately that, 

7’<3)(/f, q) - q) Tt‘«(- k, q) (1^4) 

'riius 

a(tj)) - a{^t,o) (15) 

Those symmetry pro|.)erties are adequate to calculate the Matrix elcmeni-s 
for forward scattoriiig from pair pioduction cross-section by analytic continuation. 
The A’-iuatrix matrix elements can also he comimted directly by Foyiinian 
method. The results from these two methods shall he comiiared. Retaining 
only those terms that can be obtained Irom analytic continuaiion, tlic counter 
renormalisation tei'rti for a finite AS'-matrix can be found out. We shall first 
make tlie necessary analytic contiiuuition, in the next sect-ioii and in the succeed' 
ing section, find the AS-matrix elomeuts. 


METHOD OF ANALYTIC CONTINUATION 
Following Rohrlicli and GlucK'stern (1952), we consider Cauchy ’vS Theorem, 

fM = } . ^4^' <iz' ... (16) 

zm J z - - 

Let z be on the real axis, z = i and assume that /(z) is regular for Im.( 2 ;) >— e; 
e > 0 We pan ehoose the path of integration as shown in Fig. 3 and write 


+R 

= p 'It' +i-m+ 


J_ f 
2ni J z' 




( 17 ) 
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\vljere m tjie last integral rhas beon.iieglocted in the denoniiuaU>r, since for tliu 
contour R\\z'\ cvorywUere. We further assume that /(s')/s' is regular 
at z' = 0, BO that 


m _ f m 


... (18) 



Separating j[{t) into its real and imaginary parts, we olitain with iJ->QO 


It./,,,.!,! Ml. 


We icloiitify /(<) with (?(0, 1) end since, 


0(0, 0 = 0(0 - t) 


,0(0,0 =.24 1^$'’ f 


Thus we get 


oof 

f \ t ! / I \ 

«i(<) = -8(=Pf log 2 1--,) 

'L -(-;r 


J \i iU'i ] 

r > 1 ' r--7“ 




where We hav6 piit f' = — 7 
. V 
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Those mtograls can be evaluated in straight forward way. But for sake of 
comparison, we shall make the following substitutions. 

Integrating by parts, 


i ( (] -y)V - (i-W) 


Letting 


-r-)1 


du 




d'u 


1 

1(4*-*) l‘“K (' - *'•*(* - + '°K - *))J 


■4 1 1 f -W 

WltJl X = — , 


. m 


l^valuatiug 

^ ni(0, w) — ( sinh”^ - - 2 ( 1 sinh*"^-**^ 

S \ tn f \ to/ m 

( - 1 ) -- 2 I “1 siri~^ ^ : 0 < oj < w 

^ J \ ml \ (0- / m 

1 I (’osh~^ -M ~ ^ — 2 / 1—^0“ cosh"^— ; to > m. ... (23) 

\ ni / 4 co^/ m 

* a 2 (^^ to) — — TT I cosh-i ~f 1 ~ 

S I m V to^/ J 

~ 0 ; CO < w. ... (24) 

Using equation (9), one can now calculate meson- meson scattering cross- 
section in the forward diretdion. This is what a physicist would have done, had 
Feynman method not been kno’wui, analytic contuation methods wore known. 
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DIRECT EVALUATION OP MATRIX ELEMENTS 


One now i)roccod8 to calculate directly Matrix elements Q{kq) of equation 
(2), using the Feynman’s diagrams Figs. 2(a), (b) and (e). Even in case of forward 
scattering, the calculations arc extremely lengthy and iedious. O’lie proceedure 
and details of calculation have been outlmed by dost. Luttiuger and Slotnick 
(1950). We merely quote the results, (the details of calculations can be supplied 
on request), 



where 



(P“)"' H- ^•mr 'p ^ H 

(p2 -I- 


(25) 


Letting 2/t'' (j~ — dm'-*/, \vc sec that ("/(/c, fVy gives correctly 

the values of «, and deduced before. TU'feiTing to efjuation (2) we see that, 
111 general, 

^;(4) _ _ ^ |1 j “ j I , , , rfJ*, f . * ^{kj)^{k^),^(k,)<l>(kt) 


112X1, -I a,{kik.,k,k,)\ ... (20) 

The lii'sl term (vvhich is (Uvereiit.) is - i( il, ( d?xij>*{r) since the momeii. 

turn sjjace trail, sJbriii i,s given by (la). 

Thus if we start with the ijiteraction Hamiltonian density 

Uw< - W'hif'l’ - ( 4^) 

then, the contribution due to the second term in the first order is 


L-A' (£)‘ i), [ i,\x)d'x =-hi(£) 1 

which cancels the first term in (26). So this finite is now given by 

JdM .. fcs fc,) 



140 


- 6 . Deo 


This Qj in tke forward direction shall now give 

Gy(0, t) = 

which can be derived by analytic continuation method. 

Thus the contact renormalisalion term that must be subtracted from the 
interaction Hamiltonian density is unambiguously determined with 

(£)‘ ® !(#+■«/ (w+2»v+«‘> 

The low energy theorem then turns out to be 

at C?(0, 0 = 0 

We have used the method of analytic continuation which can also be derived 
from disjjersion relations Thus it seems that the causality requirements may 
as well provide the (;luc* for a low energy theorem for meson-meson seattcring. 
An application of the general dispersion relation to evaluate the low energy limit 
for TT—TT scattering is in progress. 
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FORCE CONSTANTS FOR UNLIKE MOLECULAR 
INTERACTIONS ON EXP-SIX MODEL FROM 
INTER-DlFFUSlON 

R. PAUL 

Indian Assootation jroit the CiJiiTivATioi!) ojf Scienok, CALctTTTA-32 
{Iti‘.cewed., February 11, I960) 

ABSTRACT. Fcvco (lonaliintH for unliki!i molociulav inloittutirjns Irr iln HysUmiB No-A, 
No-Kp, A-Kr, IIu“A, A-Xo, Ho-Xe, Ho-Kr aud No-Xo Imvo boon dotoi’iniuud on llio oxponnn- 
iial Hix modol from toiiipopHtnio dopondonco of iiiter-dilTiiHion iJoortinuuiR. To wimjdify 
niattors, tho valuos of oi^ wore iaUou to bo thoso obtained from tho toaiporaturo dopondouee 
of thormal dil'fumou or Irom the combination rules and tho mothod of mtorsiH-ticn v\ oh omployod 
bo givo Pia and (rwi)i2* Tho foroo constants, thus obtauuMl, have bron compaiod \vib\> the 
value B obtamod from othor mothoclB and satisfactr ry agroomont haa beon oLtainnd, Tlioan 
forco constants liavo b(‘on used to calculato tlio tlu riual flUfuaion factors at diffwiMit tcin- 
poraturoa and reasonable agieoiuont lias been obtained oxeopt m tho cast ct A Kr 

INTRODUCTION 

The inter-molecular potentials for like molecules have been (letonuined 
accurately for many moletuiles by a largo number of workers. For this jiurposo, 
various transport properties of gases, specially viscosity, liave heon utiliseti. 
However, there is considerable uncertainty iu tho values of unlilte forco constants 
for most of the molecular paii's, as there is lack of suitable accurate experimental 
data over a large temperature range. The transport propoftios of gas mixtures 
depend on both like and unlike forco parameters, aud in cases of viscosity and 
thermal conductivity the like molecular interaction tends to mask tho effect 
of unlike interactions. In case of thermal diffusion, tho niaskiug is reduced, 
and for mter-diffusion it is insigniticaut. Unfortunately, unl.il quite i-ocontly, 
sufficiently accurate inter-diffusion data were not available over an extondml 
temperature range. On the other hand, thermal diffusion data being roatiily 
available, have been utilised by Srivastava and Madan (1953), Saxena (1955), 
Srivastava and Srivastava (1957), and Srivastava (1957), for tho calculation of 
the unlike force parameters. Srivastava and Srivastava (1959), and Barua (1959) 
oombined inter-diffusion data with viscosity data to evaluate unlike forcse cons- 
tants, which enables even one or two values of the diffusion constant to be 
utilised. 

Recently, several workers (Strehlow,. 1963; Bundo 1955; Rumpel, 1065; 
Srivastava and Srivastava, 1959; Srivastjava, 1969; Srivastava and Barua 1969) 
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have determined over a wide range of temperatures and utilised it to deter- 
mine the unlike force constants on Lenuard- Jones 12 . 6 model. In the present 
paper the values of inter-diffusiou coefficients by Srivastava and Srivastava 
(11)59), Srivastava (1959), and Srivastava and Barua (1959) have been used to 
determine unlike force parameters oxi the exp-six model. This is of considerable 
importance as the combination rules so far given are largely emperical and cannot 
therefore be considered satisfactory. 


D E T E It M I N A T I O N OF T IT E F O E C E PARAMETERS 

On the 15xp-Six model, the potential 0(r) between two molooules, when 
separated by a distance r, is given by 


0(r) 


1_ 


6 


6 




('■)• 


where e is the depth of the potential energy minimum, is the separation distana 
for the energy minimum and a is the parameter which gives the steepness of the 
repulsion energy. The molecular parameters are denoted by e,, (r,,,),^ and a^, 
where i. j denote the two interacting molecules. 

Two set.s of combination rules have been recently proposed whuih enable us 
to calculate the unlike force parameters in terms of like 7)aT aineters. 7’h(‘ coinhi- 
tion rules given by Mason and Rico (1954) are 


— — 






^12. . A p“‘- 



Kjl 6 “11 


’22 f”-"- ( 

1 , 6 “l2 


1 

1 _ 6 ' 

j 

1 1 ® “23 1 

“l2 


__ 1 

“n J 


1 “22 1 


(^»>l)l2 


_ I I ?^11 _j_ *^22 1 


( 2 ) 


1 


6 

“12 


^a2(^ni)*'22n 
■i--« ■ I- « 

“ii “ua 

Bii by Srivastava and Sri 

“12 = 1. r “ll- f -?22 1 

2 (I'm.)!! (i'wi)aa J 

= (e„ . ea,)‘r ' 
r ^!(^fh)'*ii ^2a(i'- m)^ia n 

T- 

L a„ ajjaJ 


while the following are given by Srivastava and Srivastava (1967) 
a 


( 3 ) 


] - ? 


i 
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These have been used to yield value et a^., whore Ihis value was not kuowii froni 
the thermal diffusion data. 

The pro(;edure ado])ted for ealeulatuif^ the ioree eouslants is as lollows . — 

TJie experimental value ol ‘lifl'erent temperatures wcj-e jilotted and 

lour smootluid out values of f )^2 were taken, 'riieoretieally, is jj:iven l)\ 


-= .00262S 




( 4 ) 


Id' 

wliejo p is the pressure in atmospheres, ' dc boin^ the Ilollziuann’s 

*Vi 

(ionstant; and 12,./^^’ is a redueed eollisioii integral talnilated by Mason (IDof). 
olliei synibols having their usual meanings The values of weie iaken fi-om 
the iJi'Cvious (leterniinations from thermal diffusion data, where availabh' In 
other eases it was ealciilated Irom the eombination lules given by Srivastavii 
and Srivastava (19117). 

Prom equation (4). substituting a set of values lor r , 0 , the eorrespoudmg 
values of were found out using the value of at a (joi lain teiiijUM-ature 

This was ropeatcfl wnth values of at other tern iM'ratii res. and m tins way the 
values of ('r^/,)i;. against woie plotted and eurves were di awn eorrespondiug 
to caeh tonqierature. Since the values ol and (?,rt)i 2 should not vary with 
temperature, these eurves should intcrseet' at a single |U)inl’ ILowiwi'r, due to 
e.Kperimeiital error, several intersection ])oints oeinir, lairly elosi' iiO ("ikIi other, 
'fhe moan of all these values gives the required set of forei* ])ai‘ametei s 

In the ease where viscosity data on mixture were available, the values ol 
torc-e constants were also determined by (oinbming the viscosity data with inti^r- 
ditfusion data. The method u.sed foi- Ihis purpose is essentially the sanui as that 
UvSed by iSrivastava and iSrivastava (1959) Viscosity data w'orc taken Lroni 
Itietveld, Itterbcek and vanT>en Berg (1953) and Traulzi and Biiikclc (1939) 


K K S U h -S 

For eas>^ rctcrcncc the smoothed .ml values of Ihc mter-difrusion coefticicnt 
are recorded m Table f. 

In Table IT. arc tabulated the values of tlie force constants obtained ly the 
method indicated above, together with Ihe value, s ohtaiucd from a eomlnnation 
of viscosity and mutual diffusion, and from the temperature v^anatioii of Ihornial 
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diffusion. Tho j'espet-tivc values from the diffeieut combination rules are also 
given for the sake of comparison 


TABLE J 

ExjierimenLal values of the eoeffi events ol mtei -diffusioji 


(Jas 

pairs 

273" K 

2S8''K 


30.3' K 

•nH"K 

A ife 

0 (MO 

0 701 


0 700 

0 825 

A-Xo 

(J 0!U3 

0 102 


0 JU 

0.12S 

Ho-Xo 

0 501 

0.5.50 


0 G04 

0.055 

Nc,-A 

0 270 

0.300 


0.327 

0 357 

Nl-Ki 

0.223 

0 2-10 


0.200 

0 2K1 

A-Ki 

0 110 

0 I2S 


0 140 

0 I5:j 

lltwKf 

0..5ri(i 

0 00.1 


0,0.50 

0.720 

Ni-Xo 

0 ISO 

0 202 


(L221 

0.244 


TABLE n 


Eoi e(‘- 7*aramet(‘rH 





li’ioin 

O'loin 

( V)iiil)mul<’u)iL 

UouibmatLati 

(las 



VJSOOSll V 

1 lu'jnial 

iiilo SriN’UH- 

luloH . Mason 

pait' 

jnli'i’Hot iiou 

•uul 

(liKu.sioii 

lava iS. iSi’ivas- 

and Kitio 




<iiliuHion 


lava (1057) 

(10.51) 


'^11! 

14, IK 

14 18 

14.18 

14 35 

11.17 

No-A 

ti2lk 

04 5 

00 0 

07.0 

08.42 

73 7 



3 5 1 1 

3 407 

3 504 

3 401 

3 143 


“la 

13 HI 


13 81 

14 15 

* 13 55 

Na*-Ki 


08 75 


73.1 

71.71 

80 54 


(rm)i 

3.725 


3 720 

3 710 

3 540 


rt,M 

13.01 



13 01 

13.52 

•V Ki 

t-ijk 

128.25 



120 2 

132 8 



4 123 



4 101 

1 072 



1 3 . 5 

13 5 

13.5 

13 20 

13.21 

JfL- A 


20 3 

31 5 

33.4 

33.50 

33 40 



3 523 

3 504 

3 471 

3 484 

3 488 


“i- 

13 4 


13 4 

13. 5S 

13.44 

.\-Xo 

•’ VlU 

173 2.'j 


170 5 

108 8 

178 5 


{'I'lll)v 2 

4.200 


4 158 

4 153 

4.108 



12 80 

12 80 


12 80 

12 50 

Ko-X(^ 

Ej 2 //. 

41.2 

30.8 


40 03 

57.88 


(^a)i 

•J 3 750 

3 803 


~3.743 

3 053 


“l‘2 

12 Sli 



12.80 

12.04 



35,0 



35.23 

38 73 



. 3.(»!)0 



3 000 

3 025 



14 (» 


14.0 

M 15 

13.45 

No- Xo 

' 1 J/^ 

S8 88 


80.0 

03 . 74 

121 8 



3 8,37 


3 700 

3 758 

3 . 571 
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(' 0 i\l P A n T S O -N W 1 T H K \ I* K \< l M |,: v r 

Tju*- forrp (‘ 0118111.111 s o))l siiiuvl Wy 1li(' iiiotliod o1 iii1(*i'N(M‘1 ion iivi* iililisi'd t(» 
c;alcnl.‘ito iho Ihoj'iiial ddfusioii racidr at difforont l(‘rii|H'i}i1 iiros Taldi^ 111 
^rivos Uu‘ viiluoK of (Zy, tliUK oliiaiiK^d io^c-lIuM with 1ln‘ (‘xpciinuMilal valm‘8 as 
doterniined by (h'ow (1^17) and (h’ow, Joliusoii and Neal (infvl). 

1’ARLI5 TTl 


Coiii]jaiisou wnth (‘X|jei'iinciil.a.| values of Zy, 


(ta.s 

J'airs 

iK.5^K 

io: 

{"K 

n;.-; 

K 

(Ai,li‘ 

I'X))!. 

Call- 

E\j)l 

C7ilt‘ 


No-A 

Hi 

MS 

17(5 

171 

194 

191(u) 

Ne-“Kr 

220 

210 

.2H4 

290 

:{J9 

:{20(ii) 

A-Ki 

040 

032 

lOK 

0(»0 

121 

ORO(a) 



O.'IS 


,075 


. (49(1)) 

tfc-A 

U08 

lOiO 

.‘{SI 

{HO 


(h) 

A Xc 

010 

otet 

too 

0S7 

J79 

I7(i(l)) 




42(. 

434 

11 1 

4:{t(l.) 

ITo-Kf 

.{97 

130 

12S 

44S 

440 

44S(h) 

Nf'-Xo 

. 20.5 

2(»0 

.‘{01 

.‘{00 


, ‘{70(h) 


IOx|)oriiiK'n</ii,1 ^fa.l^os an* of (a) (how el a1 (I').')*!) himI ()») (Iknw (1!M7) 

H 10 M A T1. K S 

li wdl be seen iliai the ap;ioenien1 bolwccu the e.aleulatc'd and expeiiinenttd 
values is very sat isfae.tory (‘xeoyit iii the ease of A Kr This may 1 k‘ due t-o some 
errors iu tlie assimied A^alues of the ioree ])aranie1ers for ICi m the ea.leiilatjon 
oi a,ji For A-Xc^ and Ne-Xe the aojreenienl lieeoines pool at- IS5'T\ wdueli seems 
lo be due t-o Xe approaching its liipief action yioint-. 
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ANISOTROPY OF WATER CLUSTER ABOUT THE Cu' ' ION 

A MOOKHEHJT and M. S CIRHONKAK 

rilYSjOS hABOilATOUY, AuHA CoLLKCllO, AcniA 
{lieceined, Jaminii/ !), 1900 ) 


The ground sLate of (3ir' ‘ loii (3d® ^1)5/2) iu otlahedrally t‘o-urdiiiatfd Halls 
uiidfj tlie iiilliieiice of Hit' usual 1 ypo ol cubic crvslalliiic clccliic field wit li ))ositivi' 
coollicieiii (Van VIock, 1932, Seblap]) and Peiuioy, 1932 and Rorlcr, 1942) splits 
into an oidiilal doublet and triplet above it. 

Beevers and J.(i])H(3n (1934) Jiave- shown that the watei cluster about tb(* 
Cn^ "* ion has the apjiroxiniat-e tetragonal synimeiry and hence according to tlu' 
theories of Polder (1942), Abragrain and Pryce (1951), Bleauey el al. (1955) and 
Bose ft at. (1957) the ionic magnetic anisotropy of tlic CJii ' ^ inn is given by 


K 


II 


AA'=- A-[W')./)' 


'l-T ' 


A + kT) . I) r 


wluM’i' A' II and Kx the ionic snsecptibilitics paiMllcl and normal to t hti 


tetragonal axis respoctivoly; V— (4,-- I )• whore E\\ and are the 

\ Jii II Ex ' 

energy differontjes of the lowest basic doublet and tlic two tetragonal levi'is 
respectively of the tri])let, aud _P is the eovalency lactor (Owen, 1955). 

Oil]* ineasurcmcuts of the absorjitioii spectra of Gu++ ion in (‘opper sulphate 
in aqueous solution at first siglit show that there is only one band having maxi- 
mum at, 12,400 rm-i, but a closer examination of the absorption curves (fig.l) 
shows that there is another maximum at about 1 2,000 cm . The second maximum 
is directly noticeable, though it is not very prominent. There is a great deal of 
ex])eri menial evidences (Ballhaiissen and Jorgensen, 1954) that' the ahsorplion 
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(iirvos of f n]inc ion in a(|ueonH solution in diffm'iit amino copper comploxos 
consist of at least t\rf> (liscorinlilo bands 

I f tins separation is taloMi to b(‘ duo to the tetragonal eonpionent ol' the crystal 
li(‘ld Ibon t)iie < an calculate^ I), whieli when substituted in tin' above* expression 
v\'(ll ^ive IP Now aei-oidin^ to Owen's findings and also of mil’s (Mooldiciji 
and (fhhonkai, lbr>b) /“- in (hiSO^ aepieous solution is 0 85 which jj;ivcs directly 
A A' in solution state f oi the water eJiister about t he Cii+ ^ ion Since wo have found 
in our stinlies of ni<>kel salts (MookbcM’p and Ohhonkar. in course of publication) 
AK in state (jf solution anti in cTystallinc state does not diffei’ appreciably and 
hence our ('valuaterl value of AJ( in ease ol CuSO^ solution should agree with 
thatof crystal value of AA' (lioso et rd, 1957) provided that our optical findings 
are correct/. AK - 548 4 lO"** at 800'' A' as obtained by Bose p/ nV (1957) from 

magnetic studies agrees well with oui calculated value of AK - 548x10“'’ fit 
the same temperature and hence we conclude that the (irst and second maxiniu 
are due to tetragonal sjilitting \ 

Since mil assignment, agrees well with the magnetic lindings n'e have\ 
calculated /'- evaluating A A' from onr optical measurements and utilising Bose 
ef at (1957) magiietie AK - values They are given in Table I. We find that 
P - valnos are of the right order and almost the same for all the salts studied 
in agreement with the siiggestions of Hose ft al. (1957) for these salts 

TABLE J 

8iilphati> Bfvvics 

Pcntabyflrat.(> 1C ■NrK 4 Uh T\ 

. (I Sr, (I HR U 70 0.870 O.RI 

Solonato riri'jph 
Poiitiihyrlrntc K Nff/i 

0 800 0 88 0 83 


Zn-K 

O.HR 
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APPLICATION OF SIGN RELATIONS IN THE CASE OF 
4, 1, 3-CHLORO DINITRO BENZENE 

E. M. (JOI’ALAKHISHNA 

Indian Assoc’iation fok tui: < 'ultiv M’Ion dk iSciiiNL'i;. (' \ia c'rr I ndia 
{Itvicived, /<\'hntanj II, 

inothod oi H^'sioinalif a])j)liciilioiL oi sifru iclalimis eis (U'vidoiPHl luul 
(lescribiMl by (jraiil, IIowoIIk and lldirers (1957) was tried iur llie siu-ii dcdenni la- 
iion ot tlui slrmliiro i'actors ol {oki) refloidioiis Innn (^1- I :{) .'IdoiD-diiidvD- 
beiizeur aial IodihI hi be very siiee'‘ssliil 

{4 i U) ehloro-iJiiiitrd-beir/ejie (a-nuuhlic:itjoii) belongs to orlliorlioiiibir 
space gi-uup Pceii willi {Mi, h - 1 LOS, r ir)7:L\ and witli eight 

nioJerides per umt eell ir-lopalakrishna (|{>;){))| Tlie ( 100) proiei-lioii is ol' piiiij 
syminetry 

or tt)D 0(i oliserved \t\<>lcJ)\ 's. -Ml Avitli luifei |r| values uia-e ns(*d in IMk' 
process wIikIi uave rise to 800 disliiui t^apli* sign relations (A tin* typ'* 

and aboiO 100 siixn eoiiuidekees I'rom ditfei-eiil jiaii’s ot triple- sing lelations oi the 
type 

-| J 

I I 

Tlie signs ul seviai stinetnie iaetois (ot Jc - even J - even) \m"( obtiiiined iroin 
the- sign I elation of the type 

/S'(n, 2/:, 21) tS{okl) S{(M) — -|- 1 
S{o. 2k . o) ^ ,%ikl) S{old) - (- 1)^ 
and S{u, r,, 2/) ;== S{oJc]) ,S(oJcl) - ( I 

Starting with the signs ot these seven slniftnre factors and using tin* sign eoiiiei- 
ileiices, all the forty terms wcje asBigncal signs. M'he iterative jiroeess forie ted 
18 signs out of tliose 40 after fotir eydes of the jiroeess, ivheii all tlie signs were 
eoiisistent rvith caeli other. The eleetioii ftcusit v inai> ealenlaied with these- forty 
hietors gave out the position of ehloriiie atom ainl tlie appioximate oriental ion 
oi the nioleeiile Later, the signs of another lo terms v\eie deteianined Jriun thi' 
triple- sign relations. When l-he contnbulion due lo thesi^ fifteen terms was 
added to the ])revions map, the ajijiroximato iiositions ul all the Jitoins beeanie 
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(iviclent. Using these positions and caJculating the structure factors, the JW-value 
was about (b40. Fig, 1 shows the electron density synthesised with 90 terms. 
When Iho structure factors were calculated using the atomic co-ordinates from 
tills figuie, only one was found to be not ‘ orrc'd amonijr the previously deter- 
jiiined 55 signs. 

The \U\ values were calculaled Jioni intensities measured by visual com- 
parison and were on an arbitraiy scale. They were not ccarectod for absoiption 
nor for temperature elfccl 



It’iK. 1. Electron density map (100) projection caloulated with 00 terms 


The results obtained in this case show that the method under favourable 
conditions yields a tentative solutioii even without any previous knoivledge of 
the stereo chemistry of the molecule or of any signs of the structure factors. 
The presence of the chlorine atom among the lightei" ones does not prevent the 
method from yielding a solution. The random and systematic; errors in | fj | 
values do not seriously affect the sign determination by this method. 
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TABLE T 

y and z co-ordinates of atoms (witViont T-efincmcni) 



?//« 

z/c 


ijla 

zjc 

01 

.003 

- 070 

C 

20R 

007 

0 

.117 

017 

N 

. 203 

.233 

c 

007 

.103 

O 

.250 

.300 




0 

.371 

.210 

c 

133 

.175 

N 

- 054 

.113 

c 

.229 

163 

O 

- 017 

.183 

0 

.241 

.07,5 

O 

- 154 

.008 


'I'hc complete stnictui'c analysis after refincnieiit vtiW l)e ])ulilishcd later. 
The authoi wislics Ic cxpiess lus deep indebtedness in Prof, B. !N. iSj ivnstnva, 
D.Se., F.N.I., for his keen inlorcsl and valuable dusi-iissious. lie expresses his 
riatelnlncss to Dr. B. V. R. Murty foi‘ sug^L-stiti" this wnyk and gnidine, 

B E V K U E N C E S 

Orant, D. F., Howells, R. G and Rogers, D„ Acta Crust., 10. 4S') 

Gopala Krishna, E. M., 19.^0, Uit. f. KrtsL, 111, ir.9 
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REVIEW 


EUSSIAN-ENGLISH GLOSSAEY OF ACOUSTICS AND ULTRASONICS. 

Pp. 1704-xxiii. CoiiBultanl Bureau luc. 227 West 17th Street, Now York, 

N.Y. 1958. Price 10.00. 

This volume gives the English-equivalent s of all the words and phrases 
which arc expected to bo Ibmid in the literature dcAliii [5 with topics on acoustics 
and ultrasonics. The words in Russian are written in Russian alphabet. Many 
of words and phrases arc also found in the literature dealing w'ith topics on other 
branches ot physics. An index of Rusaian-equivalents of names of all the apLliorb 
who have published papers in acoustics and ultrasonics has also been included. 

It is needless to mention that the glossary will be exti'cmcly helpful to the 
orkf .rs who want to translate papers on these topics published in Russian joun^ials. 
I’lu' vohiine is not bound, but the printing paper used is of bigli qualit 3 ^ 

8 . a, 8 . 
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INFLUENCE OF GEOMAGNETIC FIELD ON EXTENSIVE 
AIR SHOWERS OF COSMIC RADIATION 

A. BHASKAKA BAO and V 8. (4TLL 

DEPAUTMliNT OP PhYSII’H, MliHf.lM LtNlVEHSITy. ALIGAIIH 
(/fpcr'j’wcrf, Fvbruauj 1(1. 1960) 

ABhfKAC-T. C«. Cuocoiii (KhiJ) poiiil(Hl out. lUal- iho clallcotioii ol' air showor pariiclow 
Hi the oai'tli’B magiiolKs field ahoulcl juoduce hoiuo olhptieitjy ol Hhowor HtrucUii’i', and lionoe 
thd lateral distribution of olnotroub mound tho showor axit, Bhould not bo ciil- jlar. l)ut olUptical, 
with tho major axis in tho lOast-Wost direction. This offoci, wuh invostigatcd at Clulniarg 
(alt, 2710 in 24 ’-36' N-gooinagnolic lat..) wilJi two CJ M. counter IcIohcojiok, lor tlirec Hojaii’a- 
tions lO in, 25 in, and 40 lu. Tho roHiills kIiow that there is a signidcunt diffcronee hotwooii 
tho showor latos from East- West and Noiili-iSouth directions. 'rJiis asyminotry in tho shower 
rates is luuiul to incroaso with the soparalion, and the zcMiilh angle of (hi leloscoiioH. 

] N T Jl O 1) U C 'IM 0 N 

G. Ooceoui (1954) poiulod out that tlio (lis])lacL'nieut of air ahowei 
partioles duo to tho earth’s magnetic field is not negligible in coinjiarison with 
J)g, the projected lateral disjilaecmcMit due to multiple coulomb scattering, and 
this effect might be large enough to be detected as an asymmetry in the lateral 
distribution of electrons in air showers. It moans fhc oleelrons are distributed 
elli[)tically, around the sliowei* axis. 

It has been evaluated in tho first approximation, that the ratio of the two 
disidaccmcnts is given by 

^ 0-22 COR MP 

Where ^ is geomagnetic lalitude, and 

P is air ])rcssuro in almosjiheies. 


The comhined dinjilaceiiiont is j 

so til at 


1 



P. Chaloupka (July, 1954) measured this efl'ctd on the top of ‘‘Lommicky* 
Stit’’ (alt. 2634 m .*48'’ N. geomagnetic latitude) with hvo G. M. counter teles- 
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— no sopavUion of the toleoaopes 7 m. Tho telescopes ivero inclined 
nt 45" zenith angle and successively directed towards East,, West, South, and North, 
fourfold coincidences u'cre taken. He reported nearly 20% more shoivers aiviv- 
lug from the JE-W direction thaji from N-tS direction. Uue to large statistical 
errors he did not draw any eoiiL'lusion. Later Dnliiiisky, OJiaJonpkaj cfl. (1936) 
contiuuctJ the investigation (alt. 1778 m; 48“.tV. geoniagueiie lat.) in wliieli they 
fixed lip the position of the shoiver cor#», and measured the particle densities to 
the West and tSouth of the core, at three distances 15.5 m, 30 m, and 60 m. Though 
they did not find any variation for 16.5 ni, they observed 40% and 60% greater 
dciisitioM 111 the West direction than in the South for 30 m, and 50 m distances res- 
pectively. Even in this case the statistical errors were large. The present 
investigation was carried out at Gulmarg (alt, 2710 in : 24‘'-3f)' N. geomagnetic 
lat.) with improved statistics. 

EXPERIMENTAL | 

The experimental arrangement was similar to that of Chaloupka, and tli 
bloiic diagram is shown in Fig. 1, It consisted of two G M. counter telesco])e! 
Ti, with two trays in each. In each tray there were four counters (size 52 x 58^ 
min) hllod with Argon and petroleum-other. 'Ihc srparation of the counter' 
trays in the telescopes was 950 mm. The pulses from the trays were carried to 
the cathode -follower and from there to the eoiucidcnco ciiciiit, through a Jov^ 
irniiodance coaxial cable, type KDA9. Only fourfold coincideiiceF were recorded 
by ilie recording unit. The counter trays were mounted on an aluminium 
frame, which was fixed to a wooden stand m such a way that the telesiiope can 
be fixed at any particular zenith angle. ' 



Fjg. J. 

-The asymmetry in the rate of showers was measured for three distances 
10 111 , 25 m, and 40 m belHeen the telescopes. The telescopes weie directed 
towards East, West, South, and North at zenith angles 0", 15'^, 30^ 45^^, and 60'" 













155 


Influence of Oeomagnclic Field, etc. 

and foiiifold ooiFiciiJciirfiK mti'c re(*ordcH. u'ilh ii niiiiimuni j>latoan of 

200 V were used in the experiment, njid tiioy «ere tested every day l)efore start- 
ijig the apparatus. 


■RERITLTS AND DTSCUHSTON 

The results of the experimenl are given in Tables T. II, and III, for the throe 
separations 10 in, 25 in, and 40 ni. In any direction if the total number of countH 
lecoided is Jtf, duiiiig the to1 al time 7^ Inmrs, then the shower late m that direction 
is MjT per hour. The error m the shower rate is taken as Jl/i/T 

The first table represents the shower rates from East, West, South, and Ninth 
directions Avith the corresponding errors. In Table II the average showoi rate 
from East-West dir-ictions is taken as x and the average showier rate from North- 
South directions as y. Next, tJie ratio xjy is calcidated for the throe separations 
and all the zenith angles as shown. If the circular symmetry of electrons around 
the shower axis is to be correct, the ratio xjy should be unity. But it can bo seen 
that in all the cases, wdthoiit oxce]>tion , the ratio is larger than unity and fat beyond 
the statistical errors. This clearly indicates that electrons in extensive air 

TABLE 1 

Counting rates of showers from East-, West, »South, and North directions 
with coirespondiiig errors 



Zomi-li 

anplo 

Z 

Showers poi 
hour from 

tliH EbhI- 

Showers per 
hour from 

the West- 

+ Sfti 

Showoi’B jinr 
hour from 
ilirt Sout-h 

N* + S, 

SJjowors ]»er 
hour from 

the North 

ATn +2« 


0“ 

04,4rl-2.5 

— 

87 0 + 2.3 



15° 

70.4J_1 0 

^ 81 5 f 1 9 

72 1-J:1.7 

72 , I H 1 . 7 

JO m 

30° 

00 5i-1.5 

75. «i 1 9 

03.0 fl 6 

01 2 + 1.5 


45° 

00. 4 Hr 1 

66 1 + 1.7 

52.9+1 3 

53 8+1.3 


00° 

50.9Hi1.3 

68.0J.1.5 

45.6 + 1.2 

47.4+1.2 


0° 

58. 9 J_ 1.0 

.... 

52.6 + 1.0 

— 


15° 

40 5 + 1 5 

64.0+1.7 

40.0 + 1.3 

40.6+1 2 

2.') m 

30° 

46.0 + ] .0 

48 2 + 1,6 

33.2 + 1.0 

33 3 + 1.0 


45" 

40.2+1 2 

45.2 + 1.6 

28.2+0.9 

28.7+0,9 


60° 

35 0 + 1.0 

37.1 + 1 .2 

22 4+0.7 

23.3+0,7 


0° 

38.4+1 .5 


30.0 + 1.2 

— 


15° 

32.0 + 1.2 

36.3 + 1 .3 

24.7 + 1.0 

24.9 + 1.0 

40 m 

30° 

29.7 + 1 .2 

32.6 + 1 .3 

20.0i0.9 

20 2+0.7 


45° 

20.5 + ] .0 

20.6 + 1.2 

10.6 + 0.0 

16 5+0.6 


00” 

24 6H:0.9 

26.9 + 1 0 

13.3 + 0,0 

13.3+0.0 
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TABLE IT 


Elliptiertv and 

percentage 

asymmetry 

of extensive air 

showi'rs 


Zoiilth 

anglo 

7j 

Average 
shoivor rate 
from E-W 
.rX2:a: 

Avorage 
iliowor rate 
from N-S 
1IA--V 

Elliptic ity 

V i 

Percent age 
aHyiuiiiotry 

' ^ X 1 or 

f ?y) 


0“ 

1)4. 4i- 1.8 

87 0XL6 

1 09-1- 029 

8 2X2.6 


15“ 

80.5-1-1.4 

72 1X1.2 

1.1 2X 027 

11 0X2.4 

10 111 

30“ 

72 3Xi.2 

62 ILl.l 

1,16-1-. 028 

15 2X2 4 


45° 

63 3X1 1 

53 4-L0.9 

1 19X 029 

17 0X2 4 


60“ 

54,5X1 .0 

46.5X0.9 

1 17X031 

15.8X2 7 


0' 

58.9X1 .4 

52 5X1 .1 

1 .12X.030 

11 5X3 2 


15“ 

52.2X1.1 

40 3X0.9 

1.30X.040 

25.7 i 3 0 

25 m 

30' 

46 6 fO.l) 

33 3X0.7 

1 ,40 X -040 

33.3-1 2.8 


45“ 

42 7 X1 0 

28.5X0.7 

1 50-I-.051 

39.9-L 3.3 


00“ 

36.1X0.8 

22. 9 H 0 5 

1 .58.-1 049 

44.7X3 0 


0“ 

38.4-i-l.l 

30.0 X0.9 

I.28X 053 

24.6-1-4 1 


15“ 

34.0X0 tt 

24,8 1 0 7 

1 37 1 053 

31 3X3.8 

40 111 

30“ 

31 .2X0 0 

20.4X0 6 

1 53 X -063 

41 9-1 3 9 


45" 

28.0X0.8 

10,5 LO 4 

I.70J .064 

51 7l3 5 


60" 

25.2L-0.7 

13 3] 0 4 

1,H9X.078 

61 HJ 3 7 


I^ABLE III 

East-Wes'l percciitago asyniinotry of exteiisivo air showers 


Zenith ' Eafit-Wosl. aayiumctry of oxhmsive air showorw 
^ i 10 m* 25 ni: 40 m- 

0” 


15“ 

30 “ 

45“ 

fi0“ 


2 61:t3 34 
7 61^3 32 
0.01 -b3. 57 
13 03^5 S7 


10.34X4.32 
6 86 1-3 82 
11.70-1-4.45 
5 82X4 31 


7.05X5 38 
0 .30X5 70 
10 71X5 53 
5.55X5 32 


showers are cli.stribiitcd elUplically around the Khower axis. The po.veeut'iKo 
asymmetry between the sho>yer rates from E-W and N-S directions is given 
in the last column of Table IT. 

The errors in the ellipticitv anrl Ihe porcsentage asymme-ti ies are caJeiilated 
as follows 


Tf ( F) is a fun et ion of both .r and y then the error in F is given by 


S2 - 



where and hy are errors in (j') and {y). and S is the error in the funeliou {F). 
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Th(*u a ^laph is tlva^vn with Iho zenith angles along the abscissa and the 
percejitage asymniei/ies along the ordinato for the three separations of Ilu‘ Ic'Ies- 
copes. From the graph it is clear that there is a systtnnai.ie increase in the 
asymmetry with zenith angle. It can also be seen ihiil at any ]Karlit*iilar zeiiilli 
angle the asymmetry increases with the separations of the telesco])es. Of conrs(' 
the same arguments hold good for cllipticity also. The pereeuiage asymmetry 
and elipticity will increase hy about 4 or 6% if the conniing latcss of sliowevs only 
from West and South are takeji into consideration, because the average .s1iov\oj’ 
rate from l!J-W is less than the individual shower rate fj'om West, though the 
shower rates from North or South arc exactly the same. 



Fir. 2. Zonbh angle versua perconl-ago Oflyminot-ry. 

Though the main aim of the investigation is to find out the geomagnetic effect 
on extensive air showers, there is one more interesting point Al all zenith angles 
from Ifi'^-dO*^ for the three separations 10 m, 25 m, and 40 m, the shower rate is 
slightly more from West than from East direction This East -West asyinmetry 
of extensive .air showers is shown in Table I IT, lii view of the very largi' 
statistical crrois, and very poor angular lesolution oi the telescopes, i1. is felt 
hotter not to draw any definite conelusion. But it aj^iears that there is some 
East-West asymmetry for extensive air showers also. From Table 111 il can 
be seen that for 10 in separation the asymmetry gradually increases from 15' 
fiO 60° zenith, whereas for 26 m, and 40 m, it reaches a maximum at 45° zenith 
and then comes down. To arrive at any conclusion regarding this Fast-West 
a.symmetry of extensive air showers, inoie data a^o needed 

CONCLUSION 

At moderate latitudes and mountain altitudes the geomagnetic field has a 
considerable and well detectable influence on the density distribution of extensive 
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air showei'fl. Tiie por^eiitage asyiiimeiry betwoeii llie syiowor rates from E-W 
and N-S inoTeascH iiot only with the separation of the tM'o telescopes but also \vitli 
the zenith angle at whicli the telescopes are inclined. There appears to be 
5 to 10% East-West asymmetry also for Extensive air showers, 

ACKNOWLEDGMENTS 

One of the authors (A. B, Rat^) wishes to thank ‘The Scientific Research Com- 
mittee, Government of U.P.’ for the financial help ho received under the scheme 
“The Study of Extensive Air Showers.” He thanks all the staff and the scholars 
of Gulmarg Observatory for their friendly help and suggestions. His thanks are 
also due to Mr A]it Singh (Department of Physios, Muslim University, Aligarh) 
for his lilieral co-operation while preparing the G. M. counters. 

HETERENC'ES 

ChaUmpkr, 1’.. 195^1. Phi/s. liev , 96, 1709 ■ 

(Vjcconi, G., 1054, Phi/s Jifv., 98, 040; Phyti. /Jer , 94, 706; Phjifi Rev., 95, 170.5 (Err^kta) 

DubiiiHky, >1. el nl , 10.50, Czechosl, Joutniu. Phyn , 6, 1, iO, 

Galbraith, W, 1058, Extonsivc Air tShowors; ilutt-oiwoiths .Scionljlic ?iibUcationR,\06, 



18 

ON FERMION LOOPS OF TWO VERTICES 

B. DEO 

I^HYSIC’S Ddi'ahtauant, Ravenshaw (Iolleue, (JuT’I’^CA 
(Hetewtif. JJerember 10, 11), “lO) 

ABSTRACT. Tiio inuigiimry p»i't of tho rotuidoii luatnv (.'iiMiuuil lor n olosofl loop 
(,m> voriioHS lias boon iJeduoocl by ])(M‘tiir))a(ioo thooiy II liiin Im'oji idwcI to (niiluultt I. 
pboton aud mcsfjoii vaoLiuni ijolansatiou ollocls by aHHuuiiii^' (liHpormoii Ji’lalioiis Soi 
(liffiL-ultios regarding the iiioBio vaoiiuiu polar isafiou boon hIiowh to bo loiuovcd by oo 

Hidormg the vortex oorrootion. 

The tbviuulao have boon applied to doduoo ilu> decay raU'.s ol Bonn- Iniidniuetilal loutiel 
and the resultB obtainoci are m good agroonioidi aviIIi oxporiiuontB 


1 N T Ji 0 D U (.' T J 0 N 

Miidi interest is attached to explain the decay of I'nndainentai ])aitich^s 
l>y weak uiiiverBa) ferini interaction and the known .stroiig/nuMlniin strong inter- 
actions. In most of the decay processes, a closed loop has to he inserted in Feyn- 
man diagram to bring in the lour-fcrinioii vertex, a coiiv(‘nient example lieing 
the charged pion decay. Since the decay probability is proportional to the weak 
coupling constant (10 u.) squared, one would expoci 1hat a straight lorivard 
pC/riurhaiion analysis using Dyson’s iV-Mairix expansion will give us tlic correct 
decay rates. However, the closed loops intej’veniiig the initial and final stiites 
bring in intiiiite constants. They cannot bo renornialised in a formal way i.e. 
we cannot absorb the infinite constants as unobservable constants associated 
with mass and coupling constant. Most of the fundamentai-particIc-Hecay studies 
Jiavo, therefore, boon confined to the ratio of decay l ates and the like. And only 
very recently 7 r'^—> /< 'l-v(v) has been studied witli cousidci’able success hy Clold* 

berger and Trieman (1968). 

To got rid of the infinite constants wo sliall calcuJatc the imaginary part 
of the retarded matrix elements. This part is usually free from infinities and the 
real part can be evaluated from it by dispersion relations. In lact we shall show 
that the observable finite matrix elements can be unambiguously obtained from 
the imaginary part alone. Of course, one has to make a few'^ subtractions, a 
procedure reminiscent of Pauli- Villar Hegularisation iSclicinc. 

MATRIX ELEMENT OF A LOOT 

Let us take a loop with two vertices ((/il\; (/.arj.); denoting the coupling 
strength and 1\ and may consist of matrices. Itolcrring to the l^’eynmau 
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diagram in Fig, 1, the contriliutioii to the matrix clement can be written as 

f r r.[ri(»r ■ j)-m)r| ,(iy./)- l;-m)] 

OT® ' ie) (p— »e) 

wliej’e VI is the mass of the fermion. Evaluating the trace and combining the 
denominators we get 

1 

//’ (hUi f ,1,. r 


where 


A = - isp{rjy^r.jy^) 

^nv — 

6V - sp{l\y;.r,) 

= ■sjp(rir2y/i) 

E =sp.{i\r^) 


... (l^a) 



Afttjr partial iiitogratioji over 'x\ can be Avritton as (omitting gr^, g.^) 

A ^ d^p 


F^m ^ f f 

ATT- J 




^ '^Bfipkfikit —^Alz^ kfi[C fi — B/i) 


-|-(/i j +[<**{ ( Y- |- ) 


-Ah^ - I {0,-1),) im k^x-HE-A)mH ] f <’ r.f?) . 

o I J /ra;(l~a;)H-w^— ^e 

It is easily scon thal the last teriii alone lias an imagiiiaiy jjart, sijice 

-— . f +tn Sla) 

«— ^c a 


( 3 ) 
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hn . -Fia(fc®) — +w| dx 8 {k^x(\.~x)-\~m^) jfc“(l- 2a-) . 

0 

(expression in { } of Eqii. 3) ... (4) 

111 pai't of the retarded can be obtained by iiiuliiplying e(ib0), 

= VH-W.V. = 


and 




1 




( 6 ) 


F-(/i„+iV.)'+g- 

witli e(fc(,) ~ + l , ^„ > 0 

^ 0 ; ko ^ 0 

— —1 ; fcfl < 0 

Our task is now to integrate over .r with proper care to the delta fiinetion. 

To this end we write 

ii{k^x(^~■.c)+m‘) -j-L /I ( + -A- ] . 

' — ir) \ 4 m^ .r(l— .'c) / 

and make the transformation a — . 'I’Jie lesultiiig iutcgi-ation is symiue- 

trioal and get 


fm 


■ d'U 


( 6 ) 


= 4 .cwj 6'(£, 

0 

+ i -1 )- ^ j 

Lettiiig * = j-— with the help of a theta function 

9 {x) — 1 ; .r > 0 

== 0, X < 0 


In . = ine(k„) [ 0(^-1) #( +.) ^ ^ {4 

(^+2!- )+ 6^*"“ ( 

^ — ~€{k,)io )v (' ■ 1^’ ) 


2 
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This, then, is the divergence-free retrate matrix element contribution and 
small correspond to the imagmary part of the total matrix element. 

J’ H O T O N A 0 U U M P O A H r a A. 'J' 1 O N 
The vacuum polarisation tensor ll;t„ of a photon for electron loop is given 


b",. I 


Thus 


,p — k—m ir.p- 

I'l = Yu ; 


m i 

-~%c J 




8o we can write 


Im. — (kfikp — ■ 7r*(A;‘‘*) 


l,n . l) .^1 + ( 1 - ) .^K) 

k^) approaches a constant ve 
ivergent, necossitatiiig one si 

^ 1-1- 1-2^^ 


( 8 ) 


For largo k^ this imaginary part of 7r^{k^) approaches a constant value, so the 
Hilbert transform will be logarithiraically divergent, necessitating one subtratstion. 


*(■«•,(«;*) = fle.[/T(fc«)-jr( 0 )]=-“ fcV f 

An J 


4m2 


x{x-~]c^) 


a 

■Jtt 


Am 


/ , 2 AW- \ -v/i I ^AAA-^ , ' 


V' + 




/l _L 

V^+ ¥- 


~dx 


+ 1 ” 

-~1 


(9) 


which is the con-ect result. 

M E S 1 A C U U M ]U) L A R I S A T I O N 
Here 1\ — 1\ ~ yg for a pseudoscalar coupling. 

A =- —4; li^,. = 4f7^p 

6V-=/^^=:U; ^7=-4 

Denoting the polarisation by F{k^) we have 


This diverges linearly with k^-^oo. 
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Heuoe the real part is quadratioally divergent. Two subtractions arc needed. 
The net observable effect is t-herefore c.ontained in the integral 




TT 


- I ^ 

f ^ ^ ^ dx. 


... ( 11 ) 


Evaluation of this integral will lead directly to the finite part of the meson propa- 
gation function. 


E K T’ J2 C T OF V E R T R X C O R R E O T T O N ON THE O T. O R K T) 

LOOP 

111 this section we shall study the correction due to the two vertices of the 
loop. lmaginaj\y parts as given in equations (9) and (8) represent the effect 
of real pairs in the iilterniodiate states. Tt should be obvious, therefore, :the 
matrix elements of the Vertex should be evaluaterl for real intermediate states; 
but for all values of fc® subject to the condition that ^ For electro- 

dynamics, this amounts to a negligible correction. But for mesons coupled 
to neoleons this amounts to a large correction. It should bo noted that since 
the charge states of the nucleons are fixed, the correction for charged pion vortex 
IS solely due to emission and absorption of mesons. The details of evaluation 
have been given in the Appendix. The result obtained is to replace by a new 
function. 

r5_ 

1— A 


Taking = 15; the coefficient A.csi B. This amounts to a large reduction to the 
real pair formation at the vertex. Even at threshold, k^ = — this is as large 
as 90%. 

DECAY OV FUNDAMENTAL P A R T J C L E 8 

We are now in a position to calculate the absolute decay rates which involve 
a close loop of which one vertex representing a strong interaction. Let us take 
first the decay 

7r+->^ 


where A — 


247r \ fji 


( 7 )’ 


... (12) 


r ^ 


CP 

47r' 
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The Lagraiigiaii, deueity doBoribuig theee decays Ib 
“inf = r(l -y6)W6f oX^nWiilA'y) 

+/r('^n(i-r5)rxv!'f<)('?«rxv*'».)+V2G^ny6fji^n+ 

+io 

+Hermitian conjugate. ... (13) 

Applying XJertiirbatioii wo shall take the Fermi coupling once and correct 
for the strong coupling vertex. First M"e note the vector coupling gives zero, 
flue to the ‘spur’, so we have 

= rxrs 

for the charged pion decay. 

A = 0 
B = 0 
® = 0 

CJ/i = Dfi = 

Equation (7) takes tho form 

Im =-- iimph^n .(k^) 0 ( - 1 ) 

The factor ik^ is to he contracted iyxk\ with tho free partifde (/^, v) spinors 
yielding w^, the mass of the muon. Thus 


F{k^) = 4imjL, . k\7r-^ | 


V 


1 - 


inlp 

X 


4»i«a 


x—h^ 


dx 


(14) 


which is log-divergent. However, if the correction at the vertex 1 is taken into 
account as given by (12), _ 

yr. ^ I — 

#(*“) = 4i:to,*;x I — dX ... (15) 
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which is convergent We get 

P L 


/ , I 

- ( '--f) 


, / , 4w®\l — , 

; ( F ) +’ 1 


( rr 


... (16) 


We shall frequently use tlus resiili. in evaluating doeay rates. For i;ou- 
venieiice we write 




where 


(17) 


"•-'•I - ; 


iiss 




I , — 1 

\ 1 


(1-. 




(17a) 


We can estiniato by noting 

4m®//** >> A > 1. 

Expanding the logarithims and retaining the first leading tenn, we olitaiu 

(i«) 

which depends only on the damping at the vertex. 

Roturiiiiig to the calculation of the decay rate we note the matrix element 
is in uuderst*andable notation 


Rm,77i> -//,*). ... (19) 


with four momentum conservation. 
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This leads to tiie following decay rate in a familiar way, 


- S { 5= )‘ ( 5 )■ (■- S )’ (£ ) ■ OA-n-x-z-ir M 


Tf we take G^j^n = 16 and if we adopt for the value of thtfc Qomow-Teller coup- 
ling constant, we then find from the known pion life time that 


C?(-//,*)= 0.13. 

whereas equation (18) gives 

O{-fi^)Ueor,=^0.U. 


(21) 

(22) 


Thus the agreement can be considered extremely satisfactory. We emphasize 
again the influence of vertex damping as has been pointed out by Goldberger and 
Triemami (1958); they have, however, made a phase-shift analysis whereas we have 
just corrected for the vertex. j 

One would naturally be tempted to apply similar considerations to 
decays. Ignoring strangeness considerations, the decay rate is not very diffei A 
ent from what one would expect. The value of A, however, is about 10 timcs^ 
smaller, and the full expression (17a) is to be used. One cannot compare 
the life time with experiment since there are many channels of decay for the K- 
meson. 

Wo shall extend our calculations to the decay modes 

f p-\-7r- ... (23a) 

A— > I 

' ... (23b) 

The simplest possible graphs leading to pionic A-decay are shown in Fig. 2. 




The decay rates arc 

w(A-> 2 >+»r-) = ^ 2*^4 L'S'( V-/"*) 

..>(A->p+7r°) ^ Q g 

w(A-> /l+TT-) 
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which' is very near the observed ratio 0.69^:0.07. In deducing this we have 
tacitly aesmaed that {p, p) are the only intermediate virtual pair for the decay 
involving the neutral meson. 
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APPENDl X 

Here we shall deduce the correction to a vertex as shown iii Pig. 3, so that all 
the corrections due to pulling out the vertex in the directio]i of tlie boson line 
are accounted for. 






The function Fg for such pj’ocesses as depicted is 


V I j?! frfi/ yii(^>- ■ ■ y'-t+Wjly, 

' (2,rr‘J “ ■ 


Since Fg is proportional to odd powers of yg we can anticommuto it through the 
y-matriees. The denominators can be combined by the well-known Feynman 
method and we obtain, 


'' (2jr)* 


2j<ic| dyj dH. 
0 0 


^ . p—l-^nij,) rB( tr .p' ~-l-\~inp) 

\{i — 


whore 

^x—yix—y))'\-{p^+m^){x—y){l —x)-[‘{p"^-\-m^){l—x)y 
-l-(fc3+;ca)y(a;-?/) 

Shifting the origin of T’ integration, we can write, 




m. 


K — (2* — nipH —F^y{x—y)V g 
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where, 

K ^ — (»/ . p'4 7np)r^(ir . pi^mp—ir pX—ir . kY) 

-l-(*r .pX-\-ir . kY) Tjlir . p+mp)-(p^+mp‘)x{x—y)T,+{p'>+m/)xy T,, 
-(*y)F(X- Y)r,. 

One can now' renormalize in the conventional way, by writing, 
r6(<-|-i)H Yijlp',p) 

w'here L is deternuned by the equation 

p) — 0 for ir . p’ — ?> . p 

For our case, TB/iiV, p) - /(/f“) "dth ir . p* — ir . p — -rrip, but foi' arbitrary 

value of P. i 

Forforming the uec-eHsary ‘1’ integration and estimating the major eojitribu- 
lions from y and x integrations, wo obtain the equation (12) given in the text. \ 
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THERMAL CONDUCTIVITY AND EUCKEN-TYPE 
FACTOR FOR THE BINARY MIXTURES H-He, 

H-Ne, H-Kr and H-Xe 

A. K. BAHUA 

Tniitan Ashocua'I'ion kor the C^iutivatkin oI' SriKNi'ji:, (’ 

{Rt'tritHtl, Februnrff 2H, 196(1) 

ABSXRACT. In Dj'ilor to tUo I'ooont toiiiuiliu^ for Ify' i<lu.'riuiJ:i coiuliictiviiy of ]>()lyii- 
atoinio Rixa mixturoH, tho thermal ooinliKitivity of Hn-He, IT«-No, H. Kr and Xo niixtui-oM 
htiv(i hoon inoaHurod at S()“(^ and by umn^ the tluoK-wjio-VHnnnl of th4' liot-wjio inolhud 
riu' (^x;pul Ilium tal values of (lx(‘ thormnl ooiiduplivdy of llu' |»uio and thou binary 

luivlni'os IS lowoi tluiii those j/ivon by JTiiscliloldoi’s theoiy basoil on (he loral idioiiucal oftim 
hhnum assumption. Jl has boon .snggostod thal this disciejinnov l)o(;Wi«»u thooiy and oxpori- 
ULontfe at tho tomperatu]'(».s under consideration is duo to (bo non-validdy of the condition 
ot local choTiuoal equilibrium. Apart li'om this drawback HuHchfolder's theory has boon 
louiid to reproHont tho concentration dopondiuico of the Iheimal cimdiutivity of polyatomic 
(jfas mixtures quito Hatisfactorily. The more iiKorouslv ihunvod foi'innhi of IfiiMi hfeldi'r has 
beonlbimd to represiMit the thermal conductivity ot |?as mixtuivs lieltej than the approvuimte 
equation of Mason and Saxoiiu 


I i NTR ()f)L'(JTI 1)N 

1’hc problem of heat traiiMfer in muiticompouejit mixtuvcK of monatomic 
and jDoIyatomic ga.ses has rceenlly attracted considerable attention. Thougli 
Curtiss and Hirschfolder (11)49) has obtained expressions for the thermal conducti- 
vity of imilticoinpouent mixture of monatomic gases by an extension of the Chap- 
man-Eiiskog treatment for a binary mixture Avhicb is corrccl to the hist approxi- 
mation, their formula recpiires loo much Jaboiious calculations. In an attempt 
to overcome this difficulty, Mason (1958), Curtiss and Muckeufiiss (1958) and 
Brokavv (1958) have obtained simpJer expressions for the thermal conductivity 
of mullicomxionent mixtures of monatomic gases Tlic difficult v in treating the 
monatomic gases is only ronijmtational but the prolilem of beat transfer in p(»ly- 
atomic gases and gas niixtiires is much more interestnig as in this case tlic exchange 
of energy bctA^een the translational and the internal energies of the molecules 
need be considered. Encken (1913) first suggested a correction to the thermal 
conductivity of polyatomic gases viiiich was based on simple intuitive arguments 
whose inadequacy was later pointed out by several workers ((Chapman and Cov'- 
ling, 1952; K., Schalor, 1943). B-eeently, Hirschfeldor (195711) has obtained an 
expression for the thermal conductivity of a pure poly atomic gas by a formal 
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treatment in which the molecules in different states of excitation are treated 
as separate chemical species in local chemical equilibrium. The treatment for 
a pure polyatomic gas has been extended by Hirschfelder (1957b) to the case of 
the polyatomic gas mixtures. Mason and Saxona (1958) have made a number 
of approximations to simplify Hirschfelder ’s furmula for the mixture conducti- 
vitioH. As accurate data on the thermal conductivity of gas mixtures are not 
extensive elaborate comparison of the experimental data with the recent theories 
cannot be jriade. Recently, JSrivastava and his co-workers (1959, 1960a, 1960b) 
have measured the thermal conductivity of a number of binary mixtures of diatomic 
aiid monatomic gases and compared their data with the theory. Tn order to 
test further the expression for the thermal conductivity of gas mixtures and also 
to verify tlie suggestion of the non-validity of the condition of local chemical 
equilibrium in the present ijivestigatiou the paper values of thermal coiidiiciti^ity 
of Hg-He, H^-Ne, H 2 -Kr and Hg-Xe mixtures at 30°C and 45°0 have 
reiiorted. 


2. EXPERIMENT 

The apparatus and the procedure adopted for the experiment are similar io 
those described by Srivastava and Barua (1960) and the constants ol'the coiidmjti- 
vity cell are given in Table T. 


TABLE J 

Oonstants of the conductivity cell 



At 30°C 

At 45 “0 

liCngtli of tho coll wire (21) 

T) 91)78 om 

5 9987 cm. 

liadius ol Iho ceJl who (ty) 

0 00500 „ 

0.00500 „ 

Iiitomal ciminoioi ol the tube ( 2 r 2 ) 

0 3048 „ 

0.3048 .. 

External diaiuoloi ol the tnbo (2r.j) 

0.5916 „ 

0 5915 „ 

RoHistanoo c)l' tho coll wiro (Ro) 

0 83518 n 

0 88012 Q 

Teruiieraljuro ooeffiojoni of roHisiaiico « of tho 
lilatinum wire 

0 00360“C-i 

0 00358^*0" J 

Thermal oondnotiNdty X of iho platinum wire m 
cal. cm"'!, sec'^. ‘’C“i 

0.167 

0 168 

Coll constant (1-C) 

0.9942 

0.9941 


As shown by Kannuluik and Martin (19114) the solution of the differential 
equation for heat flow is given by 

1 /| tanh//? \ _27Tri^XJ{R—RQ), 

{ftlfV I ~ 


( 1 ) 
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with 


2h __ ^ Ku 

r^A 'Inr^^AJJ ' i\h\ (r^r^) 


( 2 ) 


whore B is the rcsisiauco of the wire when a onrronl of / amp. is flowing through 
it, Bq is the resistance of the cell wire at the hath temperature for / — 0. A, 
Kr^f are the thermal conductivities of the wire and the gas respectively. 

In Table II are shown the observations taken for H 2 -H 0 mixtures at 30*C 
which may serve as sin example for the observations taken for other mixtm'es. 
Iji the Tables has been (ialoulated from Eq. (1) and (2), K,/ is the value of 
reduced to the bath temperature and K' is the value of the conductivity when 
iompeiature ]ump and wall effect arc corrected for anti K is the value obtained 
after correcting for the asymmetry in the constiuctiou of the cell given by the 
relation K — In Tables III and IV are given the observed values of 

the thermal conductivity of the mixtures H.j-He, Hg-Ne, Ho-Kr and H.^-Xe at 
30°C and 4r)"C uhich are plotted in Figs. \ and 2. 



20 40 60 80 

% of monatomic gas— > 

h’g. 1, Thermal oonduotivity K of H 2 -H 0 , Hj-No, Ha-Kr and 
Ha-Xe mixtures of different compositions at 





% of Ho 

T III tnA 

It-itu 

in in 

A',, X lO’’ 

K„'> 10^- 

K' r lofi 

K , UP 

KM) 

208.42 

6 247 

36 . 89 

36 79 

36 49 

36 32 

HJ.I'A 

207 68 

6 . 023 

37.24 

37.14 

36 84 

36 63 

7 1 . 

209. 7H 

6 040 

X 

X 

37.78 

37 . 39 

37. 17 

-jS 2K 

214 62 

6 125 

39.06 

38 95 

- 38 58 

38 36 

45.62 

213 75 

6.008 

39 . 59 

39 . 49 

39 18 

38.9.5 

2H.ni 

212 31 

5 690 

41 2.1 

41.13 

40 75 

40 52 

14.64 

210 16 

5 . 323 

43.24 

43 12 

42.72 

42 47 

(1 

213.48 

5 289 

44.90 

44.89 

43.49 

43.20 
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TABLK in 




Thermal 

conductivity K of H-lle, H-Nc, H-Kr and 
mixtures at 

H-Xe 


Hs- 

Ho 

Ha 

-Nr 

H,-Kr 

Ha 

Xi- 

Mixture % of Ho 

K X 10“ 

% of No Ky 105 

% oi Kr K y 10“ 

% ot Xe 

Kv 10 

100 

30 32 

too 

1 1 . 0.'i 

lOO 2 -2.70 

100 

1 201 

S7. IH 

30 03 

K5 01 

l3..-»2 

88 02 3.011 

80.24 

3 37 1 

71.30 

37 17 

72 83 

17 04 

73.20 7.271 

7t 31 

0.20.1 

rj3 2« 

38 30 

01 31 

20 01 

.11 39 13.31 

.I't, 02 

II 1 .1 

4.7 (12 

38 on 

48 . 93 

23 70 

44 02 J.1,H2 

43.79 

14.40 

28.91 

40 .72 

28 93 

31 02 

27 84 24.39 

25 08 

21.78 

14 04 

42 47 

14 82 

30 Of) 

13.03 32 27 

14 31 

30.02 

0 

43 20 

0 

43 10 

0 43 91 

(I 

13 10 


J’ABLE IV 


l^hennal 

condiiotivitv K of H-He, 
mix lures at 

H-Kc, 

45"C 

H-Ki and 

H-Xo 


K-Hr 

H-Nt» 

H 

Kv 

H- 

■X(» 

Mixture % of H<’ 

Ky 105 

% or No K < l()5 

\ oj Kr 

Kx 10- 

% of Xe 

KxJO'- 

100 

37.31 

100 12 00 

100 

2 347 

100 

1 322 

80.7.5 

37 . 00 

80.71 14 01 

8.5.02 

.5 074 

87 45 

3 . 283 

73 21 

38 31 

74 80 17 31 

72.41 

8 208 

72 31 

0 945 

54 02 

39 2.5 

00 41 21.10 

.50.39 

12.57 

57 02 

1 1 48 

41 30 

70 40 

46 54 2.5 .5:5 

38 04 

10 04 

40 39 

17. 10 

27,81 

42 . 3.5 

29 83 31.. 52 

24 31 

26 00 

22 01 

2(5 . 80 

14.09 

14 . 03 

14 02 35 . 0.5 

15 42 

33.01 

1 2 . 80 

33 78 

0 

44 7.5 

0 44 84 

0 

44.79 

0 

.14 77 

3. 

C f> M V A H 1 S () N W 1 

’V H r H K (> W Y 



The simple Eluckeu (1913) expression for the thermal eonduetivitv of a pure 
polyatomic gas may be written as 


/r - 


J. 


... (3) 
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where K ih the thermal conductivity, tj the viscosity, M the molecular weight, 
^VtrunH, ^ Ololar spccifie heats at constant volume corresponding to 

the 1raiislati(jnal and the internal degrees of freedom, fi^am —2.5 and f^t 
indicate the transfer factors for the traiislational and the internal motions respec- 
tively For simplicity Eucken put — 1 , so that E(i. (.I) becomes 

K = K,non\W^)GyjR+^l^l ... (4) 

whore is the thermal conductivity of the gas when it is taken to be monatomic. 
Actually, however, internal energy is transported by a diffusion mechanism 
(Chapman and Cowling, 1952, Schafer, 1943) so that ^ 1 should be replaced 
fint (where p is the density, D the self- diffusion coefficient and rj 

the viscosity) and Eq. (4) becomes, 

Hirschfelder (1957a) has obtained the following expression for the 
conductivity of a pure polyatomic gas by considering the molecules in differeAt 
states of (ixcitatioii as separate chemical species which arc in local chemical 
etpiilihrium, 

= (1 - fif)+HfpDaqa^j. ... (6) 

where <^f — pJ)C‘pflKtfiu„, Cpf = 5J?/2. The values of fif has been tabulated for 
several molecmlar models Jind il- has boon showji that Sf varies very little with 
temperature and it is possible to assign to 8f an average value of ().S85 so that 
Ecj. (6) becomes 

= 0.354fV/i2-l-0.499 ... (7) 

By extending the treatment applied to a imre polyatomic gas Hirschfelder 
(1957b) has obtained the following expression for the thermal conductivity oi' 
a binary mixture of polyatomic gases 

“l~r^2' "^^2mort] ri“h(^l/^2)(^22/'^12)]~^ 

where /fj, are the thermal conductivities, D ^2 coefficients of self- 

diffusioii and are the molefractions for the components 1 and 2 of the mix- 
ture. />i 2 represents the coefficient of inter-diffusion. 

In the present case the gas mixture consists of a diatomic gas denoted by the 
subscript I and a monatomic gas denoted by the subscript 2 so that Eq. (8) be- 
comes 
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The calculation ot from Eq. (8) involves laborious computation and 
the kpowledgo of force laws between the molecules is necessary ^^’hicll is not 
easily available. Mason and 8axena (1958) have hoiAover tried to sinqility Eq. 
(S) by a number of approximations and their formula may bo \mtton as. 


* mix ‘ 






with 




... (10) 


.. ( 11 ) 


where x,,Xj are the molefractioiis, 71/,, 71/, the moJociilar wciglils of llic compo- 
iicuts i aiul^' respectively, /v,«. A'/ are the thermal eouduetivities wlien the gases 
arc treated as inonaiomic and are related to the viscositicH }]„ ijj by llie l elatlou 


A7/A7 


^ Vi^j 

ViM, 


( 12 ) 


When )}.i and are known experimentally, l alcnlatcd from 

licj. (12). In case the experimental viscosity data arc not avadabli^, specilie heat 
data may be used to obtain Jn order to compute A„„^ from Eip (10) 

the experimental values of J\ i and Kj are to be used 

Eor comiiarmg with the theory Kunon vvas calculated to tlie hi st approxi- 
mation on the Lennard- Jones (12 : (i) model from the expression 


nm.WTjM 
S2'“ 2)*(7’*V“ 


( 12 ) 


wliero (T*) is a collision integral which lia.s been taliulated (Hirschf older, 

(hirtiss and Bird, 1954) as a function of 7'* — IcTIt, tr and tjk being the i>otcniial 
parameters m A and "A respectively. When A^^,, is known, llui experimental 
value of the Euckeii factor KaxplJ^man can be calculated In order to calculate 
KjKttion from Hirschfeldor’s Eq (fi), was taken from the tables (Hirschfeldoj* 
1957a) and specific heat data were obtained from the recent Tables published 
by the National Bureau of Standards (1955). By kiioAviug the ex- 

perimental value of Sf may be calculated from Efj.(6) and the correspondiug valuti 
of fint from the relation fi„t — 3/2i5[/-. Similar calculations were done for the 
data obtained by other workers. The results of these calculations arc indicated 
in Table V. 

In order to calculate A„„,a; from Ef/. (9), K„nx{i,ion)^ calculated 

on the Lennard- Jones (12 : 6) model from the expressions obtained on the Chap- 
inan-Enskog theory (Hirsclifelder, Curtiss and Bird, 1954). The lorce constants 
wore taken as those determined from viscosity data except in the case oi Kr lor 
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which the Ibrce constants determined by Saxena (1957) from thermal conductivity 
flata wejc used. The results of these calculations are given in Tables VI- XIII. 


TABLE \'^ 

Eueken factor and /i,„ for Hg 





Eiioken factor 


fiiii = 

I S/ 

r|,o^ 

K'Vmi !-•> 


KJKmoH 

frutu 

Kq.(«) 

KIK/tioi 

from 

Kq.(l) 

From 

(’XiH 

l'’roni 

Tabloi 

\m 2 

I*i'OHtiui Work 

1 .312 

1 . 343 

1 250 

1 12J 

1 330 

:ns 

-Ho 

1 314 

1 348 

1 201 

1 . 102 

1 3.31 


K(‘y('H (1052) 

1 280 

1 320 

] 251 

1 1.55 

1 1328 

300 2 

Jolnirtloiv IJrillv (1040) 

1 280 

1 345 

1 250 

1 103 

1 ^{0 

320 2 


1 28H 

) 348 

1 202 

1 112 

1 3ttl 

311 2 

SiivasliiMi & SrivMHl'i».va 

1 200 

1 344 

1 . 250 

1 142 

1 . 331 


(11)51)) 


In cohimn 11, is the value of calculated from Eq. (9) with the theoretical 
value of Sj and K'jj in column 4 are those obtained with the experimental value of 
df. For calculating from Eq (10), viscosity data were used for Hg-He, apcl 
Elg-Ne and specilic heat data for Hg-Kr and Hg-Xe These calchlated values 
are indicated as in column 5 of Tables VI -XIII Columns b and 7 give 

the values of the Eucken-type factors for the mixtures Kexpl^^ mixymutn 

The experimental values of were read from suitable inter- 
polation graphs. 

An interesting test of the aigoluaie form of Hirsehfelder formula for the gas 
mixture may be made in the following way ■ 

Eq.(9) may be wiitten as 


/t' -^1 mott 


(14) 


or y = mx-^C 

where //-= 1 «:(„,«„)); x = m = (i>iT//;, 2 )/(Xi-~A\ 

(' — l/Xj (A|^,,Q,d 

so that*a plot of y vs x should be a straight line. The y—x values for the different 
gas mixtures have been given in columns 8 and 9 of the Tables VT— XIII and 
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are plotted in Figs, 3 and 4. The intercept on the y-axis gives the value of 
and the slope gives the value of from ^vhich can be obtained by 

knowing 


TABLE Vi 

Thermal conductivity and Enckeii-type factor for Ho-Hc 
mixture at 30“ 0 


% 


Kn > lO'j 

K'b y •<► 

’ ^MS 

1 0^ Kpxi> 

k'h 





of 


troiu 

Jroiii 

from 

— 

— 


>/ 


.c 

Ho 


Fq.(!)) 

Eq.(O) 

E((.(J0) 

i^m%x{inon) 

iiiiximoif) 





JCO 

iKi . :i2 

30.32 

30.32 

36 32 

1 000 

L.OOO 




f ■ 

HCi 

30 HO 

37.12 

37 00 

37 OJ 

1 038 

1 . 040 

0 

710 

.■i 

IlOO 

li) 

37 . 44 

37.r.H 

37 43 

37 HO 

I 006 

1 000 

0 

300 

2 

:)ti3 


3H _MI 

3S 33 

3H 3). 

3S . K8 

J 143 

1 148 

0 

200 

1 

2-13 

40 

31) 4.') 

31) KO 

30 33 

40.03 

1 J03 

L 100 

0 

1 33 

0 

OOT 


40 1)0 

41 37 

41 00 

41 3!) 

1.240 

1 24 0 

0 

123 

0 

333 

10 

4.2 73 

43 23 

42 88 

42 88 

1 . 203 

I 208 

1 

103 

0 

111 

0 

43 34) 

44 42 

43.20 

43 20 

1 312 

1 312 






TABLE VII 

ThuJiiial coiidiictivity and Euekeii-type factor for H.,-Hc 
mixture at 45“C 


% 

nJ 

lie 


nV' h'li lo-' 
(roiu 

Eq (0) 

K 'ji V 
fioni 

10. 1.(0) 

Irom 

Eq.(lO) 

lO-’ K 

f<'n 

x0»on) 

// 


100 

37 31 

37 31 

37.31 

37 31 

1 000 

1 .000 



S3 

37 02 

38 07 

37.03 

38. 13 

1 043 

L.040 

0 . 300 

3 607 

70 

38 00 

38.73 

38.47 

30.11 

1 103 

1 101 

0.273 

2 333 

3.3 

30 . 3.3 

30.77 

30.02 

40-23 

1 137 

1 . 100 

0.186 

1.223 

40 

40 88 

41 12 

40 82 

4 1 . 30 

1 212 

1 310 

0 140 

0 . 667 

23 

42.37 

42.70 

42 17 

43 . 03 

1 264 

1 261 

0 113 

0 . 333 

10 

44 40 

44 80 

44 . 30 

44 37 

1 304 

1 307 

0 007 

0 111 

0 

44.73 

40 03 

44 73 

44.75 

1 314 

1 314 
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TABLE VIIJ 

TheimaJ conductivity and Euckeii-type f'acloi' for li.^-Nc 
mixture at 


% 

of 

No 

if (’jp X 10 ' 

if// X 101 

iVoin 

Eq.(9) 

K'/jyUr 

from 

' iO/.s> lO'' K„g„ 

from - — ■ - 

Eq.(lO) K,nij;(,„o,i) 


II 


100 

11 . or, 

11 01 

ll.C.! 

11 01 

1.000 

1 000 



m 

14 21 

14.21 

14.2.3 

11.12 

1 .081 

1 .080 

0 822 

1 007 

70 

17 74 

17 97 

17 83 

20.07 

1.174 

1.180 

0 3S0 

2 333 

.in 

21.00 

22.01 

21 HO 

24.09 

1.240 

1 . 240 

0 237 

1 223 

M) 

20 IH 

20.78 

20 49 

28 . 08 

1.2H7 

1 282 

0 109 

0 01,7 

21 

32.24 

32.47 

32.09 

34 71 

1.311 

1 , 309 

0 129 

0 333 

10 

.38 , 88 

39 18 

38.71 

40 02 

1 319 

1 .310 

0 194 

0 111 

0 

43 10 

44 42 

43. 10 

43 10 

1.311 

1.311 




TABLE IX 

Thermal conductivity and Euckeii-type factor for Hn-Nc mixture 
at 45”C 


if 7/ X JO’ > lO'- Kexp ^'n 

Iroiii iVom // 

]'jq.(0) (JiJq.lO) J^inix{inon) Kjnix(mm) 


% 

N 101 

Kjj X 10’ 

rl 


from 

No 


Eq (9) 

100 

12 00 

12 00 

81 

14 94 

15 00 

70 

18.19 

18 68 

51 

22 71 

22.87 

40 

27.81 

28 00 

25 

33 . 52 

.33 72 

10 

40 50 

40.68 

0 

44.84 

46 03 


12 00 

12 00 

1.000 

15.00 

10.10 

1 098 

18 57 

20.91 

1 185 

22.69 

21 81 

1.246 

27 74 

30 03 

1 292 

33 39 

36 43 

1 321 

40.37 

42 09 

1.340 

44 84 

44 84 

1.317 


1 000 



1 102 

0 712 

5 . 067 

1 183 

0.345 

2 . 333 

1 245 

0.223 

1.223 

1 289 

0 159 

0.667 

1 310 

0.123 

0.333 

1.334 

0.0971 

0.111 

1.317 
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TABLE X 


'rUtimial foiidiictivity iinrl Euekeii-type factor for H^-Kr mixture 
at 30 °C 


% 

(»r 

Ki 

X 10^' 

Kji Y lor- 

lioni 

tk|.(!l) 

K'u y 10^ 

Iroiii 

K(l.(9) 

Kms ' 

Iroiii 

Et| (10) 

f^exp 

K'y 

H 






lUO 

1 jraj 

2 2:70 

2 2.70 

2 . 20:7 

1 000 

1 000 



M". 

4 0(>J 

4 00:4 

4.870 

.7 324 

1 . 108 

1 210 

1 390 

5 007 

70 

0 010 

H 290 

8 . 240 

K 901 

1 204 

1 209 

0,597 

2 333 

fifi 

IJ 20 

12,.7;{ 

12.43 

13 36 

1311 

J 330 

0 34.7 

1 , 223 

/ 

to 

J7 02 

17 9,7 

17 80 

18 96 

1 343 

1 338 

0 224 

0 o|p7 

Jo 

1\ H4 

2:7 13 

24 72 

20 18 

1 34,7 

J 344 

0 1.77 

0 3;)ci 

10 

:»r).02 

3:7 2,7 

34 97 

35 7.7 

1 . 340 

1 344 

0 111 

0 ill 

(t 

4:i 21 

44 42 

43 88 

43 21 

1.312 

1 312 


\ 


TABJ.E XI 

Tliennal coiKluctiviiy and I5uukeu-tvpc factor for HL-Kj' mixture 

at 45°0 


^*0 

' 10'- 

Kfj '10^' 

^'u 

/VJI/,S' 

k t 'cp 

K'u 



of 


1 I'DIU 

from 

1 1 'oin 

- - - 

- 

!/ 

.u 

Kr 


lOq (9) 

Eq (9) 

Eq (10) 


Kimxi inoii ) 



00 

2 347 

2 , 3 17 

2 347 

2 347 

1 000 

1 000 



87 

.7 100 

.7 -281 

5 240 

5 .510 

1 19,7 

1 214 

1 . 191 

7 007 

70 

8 000 

8 . 77.7 

8 097 

9 310 

1 280 

1 291 

0 731 

2 3.33 

.7.7 

12 80 

13 15 

13.01 

1 3 . 99 

1 317 

1 334^ 

0 322 

1.223 

40 

18 31 

18,74 

18.54 

19.83 

1 . 350 

1 3.52 

0 217 

0 007 

25 

2.7 00 * 

20.04 

2.5 70 

27 3.7 

1 351 

1 358 

0 150 

.0 333 

10 

30 40 

37 00 

30 59 

37 32 

1 3.55 

1 3.79 

0 J0.7 

0 111 

0 

44.79 

40 03 

44.79 

44.79 

1 315 

1 315 
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TABLE Xll 

Tliennal lonfluctivitv aiid Kuclieii-typt* tat-lur tor iiiixtuiv 

at. strr 


% /Cjj X Ur- K'ffXlO' xUV' K'u 


()l 

Xc 


tVom 

Eq (9) 

1‘roin 

Er|,{6) 

from 

Eq.(lO) 



<1 


jno 

1 L’01 

1 :>61 

1 J61 

1 261 

1 000 

1 000 



Si") 

3 . 74.7 

3,807 

1.770 

3 . 722 

1 176 

1 231 

1 .vSOH 

667 

70 

0 rtii 

6 864 

6 S03 

6 787 

1 318 

1 316 

0 814 

2 333 

n.^) 

10.61 

10.77 

10 67 

10 71 

1.340 

1 347 

0 308 

1 223 

m 

1.7. HI 

16.14 

1 "i . Oil 

17. 01 

1 . 338 

1 3.-) 3 

0 273 

0 667 

j'» 

:il ,6H 

21 02 

21 74 

23.8") 

1 283 

1 287 

0 211 

0 , 333 

10 

3:1 40 

3.3 7!) 

33 74 

.14 2-2 

I 347 

1 34(i 

0 1."),') 

0 1 1 I 

0 

43 JO 

44 42 

43. J() 

43 16 

1 311 

1.311 




PABLE XU I 

'riiornial comliKitivity and Eiiokcu-t\'^)e faotor I'oi' mixtuii' 

at 45'^(1 


% f<, 

,J) XlO-' 

K„yliv- 

K'jj v'lOr. 

A'a/.s' 


J^'ll 



1)1 


iVoni 

from 

Iroiii 

- - 

- 

'/ 

r 

X)' 


Eq.(O) 

E(1 (0) 

Eii.(lO) 

iiiijc(nu>» ) 

HI/ i 1 >//()/) ) 



100 

1 , 322 

1 322 

1 322 

1 322 

1 . ooo 

1 000 



8") 

3 03() 

3 088 

3 031 

3 OK) 

1 247 

1 243 

1 203 

7,()67 

7(1 

7 062 

7 191 

7 066 

7 142 

1 31.7 

1.31 (1 

0 .700 

2 3:13 


1 1 07 

11 27 

11 06 

11 26 

1 34.7 

1 346 

0 3.73 

1 2 23 

40 

16 .31 

l(> 71 

16 40 

17 61 

1 .348 

1 37-. 

0 238 

0.667 

2.7 

23 78 

24 13 

23 68 

24 24 

1 .340 

1 . 3,7.7 

0 164 

0 333 

10 

34 37 

37 12 

34 48 

37 27 

1 3.36 

1 342 

0 116 

0 111 

0 

44.77 

40 03 

44 77 

44 77 

1 317 

1 .31.7 




The values of and ol)iained from llie giaplis liavc been ] ect»r(led in 
'fable XIV together with the value of X, ai^<l values of calculated on 
the Lenard-Jonee (12 : 6) model. 
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TABLE XIV 

Thermal coiidiictivity and inter-diffusion coefficients from graphs 



K, 

XlO!' 


H,a 

Mixture 

from 

from 

from 

calculated on. 


gra])li 

OX^lt. 

graph 

the L-J (12:0) 
niodol 

Ha-Ho 

43 79 


1 . 332 

1 . 592 

Ha-No 

43 . «.'5 

43 20 

1.143 

1 152 

Hj-Kr 

43 4r) 


n . 654 

0 724 

Ha~Xo 

4‘> . 87 


0 021 

0 618 

Ha-Hr 

4J 99 


1.620 

1 729 

j 

Ha-No 

4.^ 24 

44 75 

1 184 

i 193 

H,-Kr 

45 32 


0.678 

0 785 \ 

Ha Xo 

44.98 


0 . 059 

0 672 \ 


Jl T S f ! U S S T 0 N OF R. E S U T. T vS 

For pjire Hg, it may be seen fi’oin Table V, that all the experimental measiu e- 
ments of the thermal conductivity is consistently Jess than those given by Hirs- 
feldcr’s Eq, (6) based oji local chemical equilibrium assimiption and so the expc'i i- 
meiital values of /, are also loss than the limiting value of 1 ,3 This discrepancy 
between theory and experiments as has already been suggested (Si^vastava aild 
Barua, 19(50) may be due to comparatively slow rate of rotational -translational 
transfer of energy. Tt is also to be noted that Waelbroeck and Zueker-brodt 
(1058) have also reached the same conclusion from their inoasuremenls on the 
thermal conductivity of Og and Hg down to very low pressures Actual ineasuro- 
ments (e.g Stewart and Stewart, 1948) show that for abenil 1 collision out of 
3(X) brings abt)ut a I'otational translational transfer of energy ■whereas practically 
every collision brings about a translational -translational transfer On the (dhcj* 
hand Eueken’s derivation (i.c. /,„( = 1) is based on the assumption that the 
rotational -translational transfer rate is negligible. The actual cases arc in between 
the conditions imposed upon by Hirschfelder’s and Eucken’s derivations. Hence 
it is to be expected that/,„^ should lie between 1 and I 3 which is actually found to 
be so. ~ 

In Tables VI — XIII it can be seen that the calculated values of from 

Hirschfelder's Eq.(9) are always higher than the experimental values At least 
a part of this disagreement must be due to the higher value of the thermal con- 
dm-tivity of pure given liy the Hirschfelder’s theory. When this is corrected 
for by taking the experimental value of in calculating Kmix^ it is seen that the 
agreement between the experimental and the calculated values of the mixture 
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conductivities becomes oxcelleut This points to tlio lumdusion tlint HivschteJdoi ’s 
Eq.(9) is capable of predicting correctly the coucontratioii dependence of the 
mixtui-e conductivities. A further support to this concUiHion is given by the nearly 
.straight line character of the j -y graphs for the various niixtares (Figs. 8 and 
4). The approximate formula of Mason and Haxena (UloS) (id) is found to 
represent the oxpeiimeiital data much vor.se than tlie moi’o iigorous formula 
of Hirschfelder which is appai'entlv due to the number nl aiiiiroximations nuule 
in the derivation of E([. (10) 
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STATISTICAL STRUCTURE OF ANTHRONE 

K. BANERJEE AND S. N, SRIVASTAVA, 

PjfYSICS DkTAUTMKNT, AiLAHABAll ITntVKUHITY, AlLAITABAH 
{Upceioed, Match 22. 1960) 

Plate II 

ABSTRACT Tho npiu'o ^roup <>l' aiit.hioue was found by Snvasiava to ho P 2 ijn with 
inolooulps iiei’ imit cell This rofjuiros a moleoiilai coiitro of symmetry. I’bo ehemieal 
Inrmubi of anihione molecule does nol jiohhcrb any centre ol symmetry. In the rofl.ai-ion 
photographs ol antlirono crystal aboul f.bo ayminelry axis, there occur diffuse bhiclmiimgs 
midway hotweoii layer lijn‘s Those are also eorrohoraled by diffuse blackenings in tbijiro- 
pi late positions in WeiHsonberg [ihotogiaphs. A Htaiistical struelure of aTithioiiec iystnl 
IS proposed in order fo explain thoso apjjnrent auoinalieK 

Aiitiironu beJuiigs to space gToiij) (iSrivastava, 1957) with only two uiOle- 
(‘ulos per unit cell and liaviiig no flyiiiinetry centre iii the struetiiral formula 



Theoretically, such a situation is untenable, but very long exposure such as 
1!1() Ill's, a( 30KV, 25 luA failed to show any exception to the systematic absences 
on which the space-gi'oup cletoriniuation Has based. Moreover, there ap])cared 
diffused layer lines in hetweeu the regular layer lines when the crystal was rotated 
iilioiit- the symmetry axis h, (Mg 1). 

The position of these diffused layers Here such as H'onld have been occupied 
the odd regular layer lines had the h axis been double A Weissenberg photo- 
graph for the same rotation axis in which the first of such diffuse layer is 
allowed through is given in Fig, 2. Tn this photograph tlTe diffuse reflections art' 
brought clearer. 

One would natuj'ally be tempted to assume a unit cell of double this size 
MO that the unit- cell may contain four molecules, which is also the necessary 
number of asymmetric units needed for this space group With the iindoubled 
cell, the eonseciitive inoleeules along h axis should he identical as they are derived 
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Fig. 1. Rotation about /)- axis 

•! '"•t. ' A - 

•f ■■ 



Fig 2. Wcissenberg photograph of the first dilluse layer line 




Slatistical Structure of Anthrone 181 : 

by traneb but in tiu* doubled cell it is ]) 08 sible to Husumc the |K>siti(»n of 
O interohangod with H H' in the adjaeent molecule With suel picture 
can see that the contribution tor hkl planes, where k is odd. can coni(‘ onl>^ fi<»m 
the difference in the scatlering powers of an oxygen atom and Iavo hydrogen atoms 
attached to I) and T>' respecthely (h'ig. 1). 



Pig 3 (The Byiiibol 0 Tcfoi’s to tho oxygen atom and nil olhcn lot tens I'olov to tiui'hon HioinH.) 

One could imagine that due to some loose l)ondi]ig occiuring amojig the 0 
and 2H of the consecutive anthrone molecides along tlic h axis their bonding >Nd1h 
the carbon atoms to which they aie attached might be weakened coJisidf'rably, 
j'esulting in large thermal vibrations of this group of oxygeji and hydrogen atoms. 
This should cause irregular lies in aiTangemeiits of lho.se atoms This deviation 
from regular arrangement may bo argued as reason for the api>earanco of diflu.se 
layer lines for Ic odd values. But the diffiiseuess that is observed is of a much 
higher order than one would expect from thermal oscillations about certain 
mean positions. Furthej-, diffuseness if caused in that way wmdd also 
bo found in spots on the regular layer lines, which is against observation The* 
only possible structure that can explain the facts is tliat ol random interchajige 
between O and 2H atoms attached to the D and T)' carbon atoms. The struc- 
ture is similar to that of anthrnquinono with half of the oxygen atoms replaced 
by 2H atoms. The phenomenon is thus cpiitc akin to that of order -disorder 
phenomenon in alloys. Thus each molec.ule of anthrone can now be considered 
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statistically to have half of oxygon and half of H, H' attached to the D carbon 
atom and the other half to D' for the purpose of calculating the structure factor 
for the sharp reflections. Consequently, the centre of symmetry that is necessary 
to be assumed to exx)lain the X-ray diffraction si)ots is a statistical effect in which 
the oxygen and the hydrogen })air iiiterchaugo positions in a random way keeping 
the statistical jatio the same. 

The diffraction effect ol such a stuictiire can be visualised in the following 
vray. The anthrone molecules loss the oxygen and hydrogen atoms in the posi- 
tions in question are arranged in the regular lattice corresponding to the sx)ace- 
grouj) P2t/a and hence will give rise to diffraction maxima sliaiply only in the 
directions satisfying Lane ecpiations correspond ing to this space-group. An 
oxygen atom and a pair of hydrogen atoms are thus loft over corrcsx)onding to 
each molecnle. Bad there been complete randojnuess these oxygen and hydrogen 
could give rise to some general scatteiing. The diffuse layers in between 
the regular layer lines show that there must bo a x)rcpoiiderance of a periodi&ity 
double the axis length b. This can hap^ieii if the oxygen atoms as well as the 
hydrogen pairs have a tendency to face similar atoms rather than those of tpe 
opiDosite kind or that the anthrone crystal consists of a 1 : 1 combination of 
anthraquinone and 9, 1 0-dihydro- anthracene and occur at random throughout 
the structure while maintaining the basic lattice as given above and the jiropor- 
tion statistically with a considerable bias for the two tyj^es occurring in alternate 
layers. The first alternative is, however, improbable as it would mean that the 
attractions botwoen the tv'o oxygens and also of the two hydrogen^ pairs of the 
neighbouring molecules should be stronger than those between the oxygen of one 
molecule with the hydrogen pair of its neighbour. The soctjnd alternative, there- 
fore, seems to be the correct solution. The intensity distributions in the diffuse 
layers are being studied with a view to knowing the domains of regularities and 
the nature of their distributions. The striudure of 9, lO-diliydro-anthraceim 
oj'ystal is also under investigafion as it is exjiectod that it should have an iso- 
morphous structure with anthraquinone, if our conclusions ai’e ('orrcct. 

J^ E F E K E N C E 
Srivastava, S. N., 1967, Ind. ./. Phya., 81, 644. 
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OPTIMUM CONDITIONS TO OBSERVE THE NEW 
LIGHT EFFECT* 

P. S. V. SETTY 

Nation AL RugBAitOH Fellow, IIepajitment oe Physics, Centhal College, liAHOAroiUD 
{Received, October IJ, I960; af/er revi<tio7t, February 25, 1060) 

ABSTRACT. Some experimental roaults with eleotrodoless diHrhaigo tubes containing 
iodjiie vapour are conducted with special rofovence to ageing The ivTaulis havi* shown that 
the effect of agomg is only the removal of occluded gases and vapoiu's from the glass wall of 
tlio discharge tube. As a oonsoquonco of these oxporiments a new apparatus called the 
‘envelope tulx-’ has been devised to obtain consistent results without waiting for ageing. 
From these results the optimum conditions for obscr\ang the new light offoet have boon workod 
out to l>e (a) agoing the envdopo tube undor low external pressure or heating it to a high 
temperature in vacuum till standard current voltage ohariicteristios as shown arc ohlamed; 
(b) sealing it under the above Ovndit'on. 

However, the cleaning up procedurM recommended in tins paper refers only to the 
external surface of the disohargs tube. 

1. INTROHUOl ION 

A glance through the vast literature on the new light effect discloBes that 
consistent resnlia have not been observed for (bo same substance by different 
experiineiiterB. It might also be noted that none of the w'orkers in that field 
has stated precisely the optimum conditions under which the offeid can bo observed . 
Moreover, the standard forms of the current voltage cliaracteri sties have not been 
worked out. Tn the present paper the inconsistency of results has boon traced 
to the influence of occluded gases and water vapour in the glass Avail of the dis- 
charge tube. 

It has been observed that ageing of the discharge tube influences the effect 
considerably, sometimes increasing (Joshi and Bhat, 1942 and Deo, 1944) tlu 
percentage effect and sometimes reducing (Arnikar , 1 944) it. Tn the case of mercury 
vapour (Prasad and Venkateswarhi, 1949) even ageing of the discharge tubes 
for a long period of 424 hours could not show any light effeiit, whereos one 
discharge tube with a prehminary heating upto 200"C. for 4 hours gave an effect 
of 60%. This shows that agemg alone is not sufficient for observing the effect. 
Secondly, while investigating the now light effect, it has been observed very often, 
that the discharge tubes which exhibited a good light effect suddenly became 
inactive under certain external conditions. 

• Conuounjeated by Prof. N, R. Tawdo. 
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The proseiit paper coucems itself with the study of conditions under which 
reproducible and steady light effect can bo observed. The necessary optimum 
conditions have been found to be (1) 'ageing’ which is a cleaning up of the external 
surface of the discharge tube to remove the occluded water vapour as a result 
of passing the discharge for a long time through the tube and (2) securing a dry 
atmosphere surrounding the experimental tube. 


2, INVESTIGATION OF OPTIMUM CONDITIONS 
(a) Experiments on humidity : 

A glass chamber was used hi these experimeiits. Anhydrous calcium chlo- 
ride granules were placed inside the chamber. A small paper hygrometer (Edr^ey) 
was also placed inside the (Oiamber. By adjusthig the quantity of calcium chlo- 
ride, the pcfcentago humidity insnle the glass chambei' could be mahitainock at 
any required value. The diacliarge tube containing iodine vapour, at saturated 
vapour pressure (3 mm of mercury at 40°C), fitted with external sleeve electrofVs 
was placed inside such a chambei*. The saturated iodine vapour pressure wis 
maintained b}^ sealing the discharge tube with some solid iodine inside it. A 500 
Wai-t incandescent lamp kept inside a jirojecdion lantern at a distance of 6 feel 
was used for irradiating the discharge tube. Ih’ecautious were taken to see thai 
the intensity of light emitted was constant throughout the experiment. The light 
effect was observed with varying humidity of the aii* suriounding the discharge 
tube. Tlie At values i.e. the difference between the current in dark g.nd current 
under light were studied. The results are shown in Fig. 1. 



Volts— » 

Pig, 1 . Negative light effect under difforont humidity conditions. 

The results in general have shown that the light effect and the voltage limits, 
in which this light effect occurs, increase as the percentage humidity of the sur- 
rounding air decreases. Tins shows the profound influence of humidity on the 
light effect. 
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(&) BeU-jar e.x>penments ; 

A discharge tube ooutaiiiing iodine vapour al its saturated vajiour pressuit* 
(3mm of Hg at 40®C) was fitted with two sleeve electrodcH. of a fe>v turns of copper 
wire each) tept at about 5 cm apart. This discliari'e tube was suspendecl 
inside a bell-jar of volume 4000 cc. bj' means of two copper w’ires connected to 
the sleeve electrodes. The bell- jar was kept on a bed jilato with aiTangcments 
for removing air from or introducing dry air into the bell-jar. 

To dry the atmospheric air a system (.oiisisting of drying agents, anbydroiis 
calcium chloride, concentrated sulphuric acid, and phosphorus peutoxidc Li 
scries was rigged up. The air, after passing through thcsi' flrymg agents, was 
introduced into the bell jar whenever neccssaiy. 

A Cenco hyvac pump was used to evacuate the bell-jar 

A paper hygrometer (Eduey) whicb gave the relative' huniidily of llie aii 
directly wa.s kept inside the bell-jar to read the hnmiflity A nuircni y luauonietei 
was attached to the .system to read the pressure inside llu' bell j ir 

3. EXPERIMENTAL PROOEDUllE AND RESULTH 

The experiment consisted in removing the liumid air from inside the hell-jar 
and filling it again, with dry ah wheue^^er nec^'Hsary. Ibidcr these conditions 
I’eadings for the light effect w'ere taken u.sing the conventional circuit- The results 
of a typical oxiieriment arc given below in Tabic ] . 

TABLE I 


Dato 

Time 

Ake*ng 

Maxiimnn % 
% Huninhty hglit 

I'ffeet 

Roiuarku 

20-10.68 

1 OOP.M, 


6,3 

Nil 

No eflbet 

,j 

1.30 P.M. 

30 Mill. 

63 

NU 



1 40 P.M. 

— 

0 (Dry air) 

lb 

Small &, liTogulur 

,, 

2 16 P.M. 

15 Mm, 

0 

15 4 

Kairly regulfti 

30-10-68 

12 Noon 

— 

26 

16.6 

Small &, regular 

31-10-68 

1 2 Noon 


30 

12 

.. 

,, 

1 . 15 P.M. 

76 Mill. 

30 

12 

Not good 


3 OOP.M. 


20 

18 

IJottLl' rOBUltH 

1-11-68 

12 Noon 

— 

24 

16 

>. 


1 . 30 P.M. 

90 Min. 

24 

23 



2.00 P.M. 

Kepi/ under 
low atm. pr. 
for 30 Min. 

■ 

26 

” 

4-11-68 

] 2 Noon 

— 

0 

33 

.. 


(Dry air) 
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At this stage the maximum iraprovoment of the light effect by the reduction 
of humidity alone was reached. In order to remove occluded water vapour the 
pressure of air in the Ijell-jcr was reduced, from 68 cm of Hg to 8 cm of Hg, in steps 
of 10 cm of Hg and at each stop the readings for light effect were taken. As the 
prossm’C of the air decreased the light effect was found to improve gradually. After 
each series of experiments Ihe beJl-jar was filled wdth dry au*. This experiment 
was repeated for about 3 or 4 days. By then the discharge tube had developed 
a large and rcgulaj- light effect. The experimental results after this date are given 
in Table II, 


TABLE IT 


Maximum % 

Dttto Tinio % Humidity light Komarks 

offont 


7-11-68 

1 2 Noon 

0 (Dry air) 

62 

Largo & regular 

12-11-68 

99 

30 

61 

A liiL irregular 

14-11-68 

99 

U (Dry air) 

66 

Large & regular 

17-11 -.68 

2.00 P.M 

23 6 

00 

Koduced 

f* 

3 00 P.M. 

0 (Dry air) 

68 

Better rosiiltB 

18-11-68 

1 2 Noon 

0 

09 


19-11-68 

M 

0 

06 

n 

21-11-68 


26 

69 

Consistont 'repro- 
ducible roaults 

(shoivn in Fig. 3), 


The l urrenl voltage characteristic and the Ai voltage characteristic as obtained 
till November 19, 1958 are shown by a set of typical curves in Eig. 2. 



Volts— > 

Fig. 2. OhaTOcterieiio curves not under optimum oonditions, 
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The readings for light effect taken after reaching the steady state showed a 
definite change in current voltage characteristics giving the standard forms of 
these curves. They are shown in Fig. 3 from which it is obvious that an ageing 
process extended over about a fortnight enabled (U)nsistont results to bo obtained 
with the tube inside tlie bell-jar. It is interesting to note that when the discharge 
tube was removed from the bell-jar the same charac I eristics could not bo obtained. 



Volts -> 

Fig. 3. Charaotoriatic ourvot* uivlor optinuim conditioiis. 


The above account shows that consistent, results can be obtained by the 
remov'al of occluded water vapour from the walls of the discharge tiil)e after a 
tedious^ process extending over a large period. obviate this difficulty a iiow^ 
apparatus w^as devised which may be called ‘cuv'clopo tulic’ whose des«Ti])tion 
and worjeing is given below. 

4 15 N V E L O P K 'J' TJ B E E X P J5 R I M E N T 

A short note gmng a preUminajy description of tl^e ejivelopc t/uhe ajui ils 
M'oiking w'as published recently (Hetty, 1959). The dlschajgc tube (Fig. 4) is a 
co-axial double tube in wdiicb the space between the itiuer and the outer could 
be evacuated while the inner tube serves as the disehai'ge- tubi' Tim sleov.i 



Fig. 4. Envelope Tube. 

(1) Disohavge tube. (2) Iodine vapour. (3) Envelope. (4) Porferily dry ah i n 
between disoharge tube and envelope (5) Electrodes. 

electrodes wound round the discharge tube were brought out by scaling them 
through the glass envelope. The whole apparatus w'as heated to a temperature 
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of 4(*0“0 find the onvciope wuH ovavimted nahif^ an oiJ diffusion pump for suffioiejil 
peritnl and thei- refilled with dry air 1o the rerjuiml pres«ii]'e ajid Healed off. Jn 
Home liihes the Hpace ^nhh Jeft as a vacuum. After tJie discharge tube cooJed to 
the room leiupojatiire it was tried for the light etfeet, JlosultH obtained with 
bolh types of tubes agree. A typical result obtained uiidei tlieHe conditions is 
given ni Fig. 5 ^^hlf■h rpHcmbles Fig. 3 pertaining to bell-jar experiments in every 
respect. 


r>. EXPERIMENTAL RESULTS 

A eompaiison of Figs. 3 and 5 shows that both cf them are almost identical 
But n flistinet diffoj'enc'e is observed between the8(‘ and results in Fig. 2. 



Jn Fig 2 all the eliaraelorjsties (ij,. ij, and - A?') start at some particular 
voltage and reach a inaxiinum at a higher voltage beyond which they fliminish 
eousirlerably. 

In Figs, 3 and o the (•haracteristie. ijj .starts at a ])arlicidai voltage A, 
increases I apidly iipto a higher voltage .B, IhwojuI whieh the im I'case is gradual 
throughout Ihe voltage up to (' After this point. C the eharacteristie ij) 
suddenly shoots u]) The characteristic starts at a particular voltage A', 
iiiercaHea rapidly upto a higher voltage B' beyond which it is almost jiarallel to 
X axis till the point C After the point C this also shoots up and meets ij^ 
eharacteristie. Thus ijy and do not. show any tendency of diminishing at 
any voltage. 

— Ai eharacteristie starts at a particular voltage increases l apidly upto 
the point beyond which tiie im-reaso is gradual upto C\. J3ut after (7, it 
suddenly diminishes and meets tlie X axis showing the absence of light effect. 

ti. DISCUSSION 

The first, set of experiments with the tube inside the glass chamber reveals 
that the humidity of the atmosphei e surrounding the tube brings down the light 
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ci'foot in accordance with Fig. 1 . It is clear from Fig, 1 that the maximum value 
t)f the negative light effect ( Ai) goes on decreasing with the increase of the per- 
centage humidity of the surrounding atmosphere. The second peak for 88% 
humidity at 1200 volts is a uon-repeatabie one, showing that the conditions 
fr,j observing the light effect are not optimum . The second set of experi- 
ments poinis out the influence of gases and vapours occluded in the walls of the 
discharge tube, the results on the releasing of whieh is indicated in Figs. 2 and 
,3. Tiie curves in Fig. 2 establish beyond doubt that, as the oeehidod gases ajid 
vapours are removed from the walls of the dischatge tube, the light effect observed 
not, only goes on increasing but the voltage bmils in which it occurs also increase 
enormously. That the piocess of agoing heats the discharge tnl)o is su])i)orted 
by Mackinnon (1928) and Viswanathan (1951) '^Hiat the ocenluded gases and 

TABLE TII 

Percentage, light effect obsei ved with the Envelope Tubc^ at different iiuervals 


Volts 


% light effect 


11-2-59 

(I) 

11-2 50 

(II) 

19-2-59 

25-2-50 

1001 

54.5 

44 4 

— 

38.0 

1092 

69.7 

63.0 

50 0 

60.0 

1183 

70.0 

69 7 

69.3 

68.0 

1274 

73 5 

74.4 

63 0 

71.4 

1365 

74.5 

70.8 

65 . 6 

73.8 

1456 

76.5 

74.6 

67.0 

75. 2 

1547 

76.0 

78 4 

70 5 

74 4 

1638 

78.4 

78 0 

71 6 

74.0 

1729 

76.8 

75.4 

75 0 

74.0 

1820 

76.4 

72 9 

76.7 

71.4 

1911 

75.0 

73 0 

76.0 

00 4 

2002 

74.0 

71.7 

79.4 

72.0 

2093 

74.3 

73.0 

HO. 6 

71.7 

2184 

67.0 

60.0 

77.4 

70.0 

2275 

45.8 

39.0 

67.4 

67.6 

2366 

0 

0 

53.2 

53.1 

2467 

0 

0 

0 

0 
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vapourH are liberated hen heated in vacuum is supported by Jnanananda (1947) 
Hence it might be gathered that the removal of water vapour and occluded gases 
is a pi'o-iequisite foi* oljtainiiig consistent results jji light effect experiinentB. 
Reproducibility ot results becomes difficult because one has to wait for ageing 
each lime the experiment is si-arted. 

I’ho new a2)i3aratuH devised remove the above difficulty of ageing once and 
for all. The ej»velopc tube ean he used at any time and consistent results are 
obtained without any preliminary drying or ageing. The consistency of the reaulU 
are considered here otdy from the point of view of tlir; form of the curves and not 
from the voltage charac toristies as tbo thiekncMS of the wall ol the discharge 
tube may intc'rfeie with the voltage Tlic readings c»f tfie jiercciilage light effect 
o))serve<l with tlio envelope tube at different intervals hut under tlie same experi- 
mental condilioiiH shown in Table HI clearly indicate that the result|i are 
consist ent., i 

It is suggested tJiat. luueli of the juevions v ork (Joshi and Bhat , 1942, Arnikar. 
Itl'lih Deo. 1044, Prasad and Venkateswarlii, 1940; Joshi and Kuppuswoiiiy. 
1941 , dosln and Deshmukh, 1942; Joshi and Murty, 1942, and Oopalasw amy and 
Viswaiiatliau, 1949) yielfliiig somewhat eontradiet-ory results be repeated with 
this new apparatus so that a theoretical explanation of the light elfeet. becomes 
possible. 

4’hus the optimum eoiiditioiis for the ohservatiou of the il(‘,w light effect 
in A 10 silent dischargi's are the i’ollowing : 

1. 'fhe euvedope tube .shouM eilher be aged under lov external piessilre 
or heated ni a \ aeiiiim (ill it gi> es most likely the staudai d eliaiaeteiistics as shown 
III Pig T/ 

2 ITudev the above condition the envelop is sealed with a peifeetJy dry 
air at llu' i(‘f|uired ]nessure or sealed with a perfect vamium. 
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ABSORPTION SPECTRA OF 0-. i/-and P-HYDROXY 
BENZALDEHYDES 

T. ACHYUTA llAO and V. RAMAKRISHNA RAO 

Department of Physios, Andhha Univehsity, Waltair 
{Iteceivcd, January 29, 1960) 

Tlie near ultraviolet absorption spectra of ortho, meta and para hydroxy 
bonzaldehydes have been studied in the vapour phase. Earlier workers (Morton 
and Stubbs, 1940) studied mainly the absorption spectra of theii solutions 
in various solvents and reported band data for the vapour spectra also, but no 
vibrational analysis was made. 

Tn the present work, two systems of bands have been observed'in each of the 
ortho and meta isomers (only one system of bands was reported earlier (Morton 
and Stubbs. 1940) and one system in the para isomer, in the regions indicated 
below : 

Ortho 3630-3270A (System I) 

2670-2330 A (System II) 

Meta 3125-2890A (System I) 

2600~2395A (System II) 

Para;— 2916-2660A 

The band data also have been extended and a systematic vibrational analysis 
has been made. 

Ortho : In System I about fifty bands are measured. The 0, 0 band is chosen 
at 3537. 6 A (28260 cm"^). The bands are interpreted on the basis of three (269, 
426 and 568 cm“^) ground state fundamentals and seven (263, 410, 623, 671, 937, 
1013 and 1201 cm“^) upper state fundamentals. 

In System II about One hundred and thirty bands are measured (only thirty- 
three were reported earlier) . The 0, 0 band is chosen at 2524.6A (39598 cm”^). 
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The bands are interpreted on the basis of seven (263, 437, 662, 776, 1032. 1232 
and 1689 cm-^) ground state fundamentals and eight (245, 440, 518, 763, 943, 
1161, 1198 and 1503 cm“^) upper state fundamentals. 

Meta : In System I about twenty-five bauds are measured. The 0,0 band 
is chosen at 3092A (32332 cm“i). The bands are interpreted on the basis of one 
(249 cm~i) ground state fundamental and three (189, 392 and 947 cm“i) upper 
state fundamentals. 

In System 11 about thirty bands aie mea.sured (only nine were reported 
earher). The 0, 0 band is chosen at 2478A (40343 em~^). 3'he bands arc 
interpreted on the basis of one (243 cm-^) ground state tundamental and six 
(213, 428, 494, 628, 814 and 967 em~^) upper state fundamentals 

Para : In this case only one system was found. About thiidy bands are 
measured (only eleven were reported earlier). The 0, 0 baud is chosen at 2S36A 
(35261 em~^). The bands are intei-prcted on the basis of llirec (394, 635 and 
861 cra“^) ground state fundamentals and eight (174,326.529,787,990,1142, 
1181 and 1267 cm" >) upper state fundamentals, 

The upper state and lower state fiindameiitalH observed in tlic three isomers 
have been correlated with the Raman data i-eported by Kohlrauscli (1938). 

Details will be published shortly 

BEVERENCKS 

Kohlrauech, K. W. F., 1938, Zmts. PhydL Chem., 38, 119 

Morton, R. A, and Stubbs, A. h. 1940, J. Ohem. Soc,, 1347. 
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INDUCED LIGHTNING STROKES 

S. D. CHATTERJEE and B. K. DUTTA 

Defahtaocnt or Physics, Jadavpur University, Calcutta-92 
(Received, March 11, 1960) 

The Diechanism of direct cloud- to-ground lightning strokes have been exten- 
sively studied by Schonland (1950), McEachron (1939) and others from photo- 
graphs taken with modified Boys camera. The surges of direct lightning strokes 
to the power and telephone linos, and induced effects duo to charge induced on 
the line by an overhead thundercloud have also been subjected to carejful 
analysis by Peek (1924). And yet direct photographic evidences of inducted 
lightning strokes are rare. \ 

During the monsoon season at Calcutta, two interesting still shots of induoeijl 
lightning strokes were taken from the same spot on two consecutive evenings. 
It appears that the lotial terrain produces great localised variations in storm and 
lightniiig-sToko fteiisity . 



Fig. 1 : Two oloud-to -ground direct 
lightning atrokes accompanied 
by a fencing post-to-ground 
induced lightning stroke. 
Sprouting positive streamers 
on the ground. 


Fig. 2 ■ Induced double lightning stroke from two 
incandescent lamps mounted on lamp posts 
to the ground. Faintly luminous tracks 
of an earlier double flash over in the back- 
ground. Zig-zag *‘St. Elmo's Are” from a 
receiving aerial on the roof of a double 
storeyed building on the right. 
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Fig. 1 depicts two cloud- to -ground direct strokes accompanied by an induced 
stroke which links a barbcd-wire-fencing post with the gi’ound. The liigh lumino- 
sity of the latter suggests that it is probably a return strolce wliich follows tlic- 
j unction ol a stepped leader with a positive streamer coming from tlio ground. 
Some faint points of luniiuiscenoo on the ground in the neiglibourhood of the 
flash may be other sprouting positive streamers which failed to connect^ with 
the leader. 

Fig. 2 shows a tantalizing photograiili, which was taken on the second 
evening amidst a crescendo of lightning flashes and peels of Ihimdoj', oeeiirring 
within a couple of hundred feet of the camera. It seems that a violent, swiftly 
fnicomiiig storm, unaccompanied by ram, induced a heavy eliarge density upon 
the ground surface. As the magnitude of the ground grudient rcjudly increased, 
the accumulated electric stress between the gi-ound and t.wo street lamps caused 
almost simultaneously a double flash-over. The electric lamps \>'(M-e mounteil 
on two eighteen feet high steel posts carrying overhead supply hues and were 
situated at a distani'e of iiiiiety feet from each other An earlier double flash- 
over between the ground and two other ineaiideHcent eleelrn* lamps protruding 
from the Avails of a building is revealed by a faintly luminous double streak in 
the background. Presumably the earlier flash-over had taken place wiUiin O.fl 
second before the opening of the camera shiittej'. Malan and Collciis (lOIfS) 
have reported data on luminiscence of heaA’-y discharges aaIiosc duration ranges 
in extreme cases from a fW hundred microseconds to half a second. Although 
the electrostatic lines offeree from the origin of the sti'okc to the ground should 
form essentially smooth curves, the picture shoAvs tortuous jiatlis interspcrNcd 
with loops. These may bo attributed to some A^aiiablc (;ondition at the head of 
the discharge, this condition being either variations in the head itself or variations 
in space ionization. However, the strict parallelism of the two sets of double 
strokes indicate preponderance of the latter factor. It is indeed amazing that even 
the corona or “St. Elmo’s fire’’ emanating from a rceoiviiig aerial on the roof of 
a right-hand-side building exhibits an analogous zig zag. pattiwu. 

Assuming 5000 volts per cm as a fairly acceptable value (Ci eightoii, 1937) 
for the average gradient at the surface of the earth for spark-over bci.ween two 
shai-p points, the maximum induced potential on each of the street lamps should 
be about two million volts, while that on the verandah lamps about, half of this 
value. Nevertheless, the length of the individual luminous paths indicates 
that the inducod voltage is of the order of 12 million volts. 
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THE NEAR ULTRAVIOLET ABSORPTION SPECTRA OF 
il/-and P-METHYL ANISOLES 
K. V. KAMESWARA RAO and V. RAMAKRISHNA RAO 

Diopa'rtmhnt of X*hysics, Audtttia UNivBiinmr 
{lii’ceiiied, January 29 , 1960 ) 

The near ultraviolet absorption spectra of ineta- and para methyl anisoles 
were investigated in the vapour, liquid and solid phases. 

m- Methyl unisole, in vapour absorption about 45 bands were measured 
and the intoiis(^ band at 2773. UA (36048 cm~^) was taken as the (0, 0) ban|d. 
The spectrum could be interiirotod on the basis of seven fundamental frequencias 
in the upper state (210, 676, 824, 952, 1092, 1164 and 1228 cm-^) and two fundt^ 
mentals in the ground state (206, and 725 crn“^). There is agreement with Raman 
data reported by Reitz and Ypsilanti (1935). ' 

In liquid absorption four bands were obtained and the intense band at 2807 
A (35615 cm™^) was taken as the (0,0) band. The spectrum could be intoi*proted 
on the basis of one upper state fundamental 911 cm”^. 

In solid absorption three bands were obtained and the intense band at 
2805 A (35040 cm -^) was taken as the (0,0) band. The spectrum could be 
interpreted on the basis of one upper state fundamental 926 cm“h 

p- Methyl anisole. In vapour absorption about 32 bands were measured 
and the intense baud at 2824.1 A (35399 cra“^) was taken as the (0, 0) band. The 
spectrum could be interpreted on the basis of six fundamentals in the upi^er state 
(379,480,544,789,1176 and 1259 cm"^) and two fundamentals in the ground 
state (530 and 839 cm-^). There is agreement with Raman data reported by 
Reitz and Ypsilanti (1935). 

In liquid absorption two bands were obtained and the intense band at 2869A 
(34845 cm"^) was taken as the (0, 0) band. The other band was interpreted 
as the upper state fundamental 795 cm~^. 

In solid absorption about ton bands were obtained and the intense band at 
2872 A (34809 cm-^) was taken as the (0, 0) band. The spectrum could be inter- 
preted on the basis of two upper state fundamentals (780 and 1229 cm~^). 

The details will be published shortly. 

REFERENCE 

Rr>itz, A. W. and Ypsilanti, G. P., 1935, MojuUs. Fwr, Chem.f 66, 304. 
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ADVANCES IN CHEMICAL PHYSICS, VOLUME 11. Edited by 1. Pngogiro. 

Pp. 4124 -viii. Iiitcrscienee Publishers, New York; Loudon, 1959. Price 
$11.50, 

This volume consists of nine articles on different topics contributed by dif- 
ferent authors. The first article entitled Clathraie solutions contributed by J.H. 
Van der Waals and J. C. Platteeuw starts with the discovery ami designation of 
these compounds and then gives a slati.stical theory of formal ion of the i-ompouiids. 
Tlic third section deals with hydroqumone. clathrates 111 binary and tertiary 
systems The article includes a list of 58 references. 

d’ho sec.ond article by K S. Pitzer is on inter- and intra-moleculai forces 
and molecular polarizability Wave mechanical theory for many -electron systoius 
lias been discussed first and the results predicted by the theories have been next 
compared with experimental results. Finally, inti’amolecular applications and 
anisotropic effects have been dealt with in detail. The list of references includes 
42 pa])ers. 

The third article by J. S. llowluison and M. J. Itiehardson deals with solubility 
of solids in compressed gases, llccent work on 17 simple systems has been dis- 
cussed in detail and a brief outline of the theory has lieeii given A list of 90 
roferonces has been included at the end of the article. 

Ill the fourth article entitled ‘Thermodynamies of metallic solutions’ Jl. A, 
Oriaiii has reviewed the Avoik done in this line since the discovery of suporlatticcs 
m 1919. A list of 71 references lias been given in this article 

The fifth article by M. Szware deals with rei ent. advaiujes in polymer chemistry 
Tlie topics discussed are Addition polymerization, Initiation of polymerization, 
Propagation of polymerization and Termination. A list of 57 references has been 
included, 

Tlic sixth article entitled Nucleai- Quadriipolo Kesoiiance in Irradiated 
CrystalK centnlnited by Jules Duchesne deals mainly with the effect of high 
energy radiation on soUds as studied hy quadrupole resonance A list of 34 
references is included in this review. 

The seventh review by Per-olov Lowdin deals with correlation problem 
in Many-Electron Quantum Mechanics This is a lengthy review covering a wide 
field of theoretical work m this line Starting with Schrodinger Equation for an 
eloctronio system, the article deals with the effect of two-partiole repulsion and 
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then gives in detail the Hartree-Foek scheme. The theory is then applied to 
specific oases, such as, He, alkali metals, etc. Extended Hartree-Foek scheme for 
constructing pure spin functions has also been discussed. The article includes 
a list of 42 references. 

The eighth article is als(j of the same title in which Hiroyuki Yoshizunii has 
made a bibliographical survey of the historical devolopinont of the subject 

In the last article by Bright Wilson Jr. “tlic Problem of Bcarricrs to Internal 
Rotation in Molecules" has been discussed and different methods for tlie measure- 
ment of the potential barriers have been described. A list of tiS references has 
been given in this revievc. 

It can be seen from the above paragraphs that the book is extremely uselul 
to physicists as well as chemists interested in the modern theories abonj the 
different pheiionieua covered in tlm articles \ 

,sf. a s. 


ADVANCES JN SPECTROSCOPY, VOLUME 1. Edited hy H. W. Thomp- 
son. Pp 303+viii. I,'icmx23cm. luterscieiicc Publishers Inc., New York, 
1059. Pric’e $ 12,50. 

This volume contains eight articles revicnving work done m eiglit ditferent 
selected lines of research in spectroscopy. The review entitled “The spectra ol 
polyatomic free radiiails" by I). A. Ramsay deals Avith the different methods of 
producing free polyatomic radicals The spectrograms of a fcAV such radic.als 
have been reproduced in this article. The lesults of analysis of a large numbci 
of triatomic and a few polyatomic free radicals liave been diseussed in details 
An exhaustive list of references has lieen given at the end of the review. 

In the review of work on “Spectroscopy in the vacuum ultraviolet written 
by W. C. Price the author ha.s dealt with the exporimonlal arrangement for study- 
ing the spectra in thiti region of atoms and molecules and a list of references ha.s 
l)een given. No dis(!US.sion of experimental results has been included in this review 
D. H. Rank has briefly discussed in two separate articles the Index of re- 
fraction of air and Heterinination of velocity of light 

The fifth article on High resolution Raman spectroscopy” by B. P. Stoicheff 
deals mainly with the Raman spe<;ira of polyatomic molecules in the gaseous 
state at high resolution. Many beautiful rotational Raman spectra of vapours 
obtained by the author himself using a new technique developed by him have 
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been reprodneed The reaulty obtained for syniiiieliif and asyjniiu'lric top mole* 
fules have been diaeussod in detail. 

Under tlie 1 ‘Modern infrared iloteetors’ T S. Moss has diseiiss('d tin 
propertioa of thermal detectors, photo eonductiou infrared detectors and indiun 
juitinioiiide deloetors. 

The infrared spectra of jiolyiners have been dusiaisserl by A. Ulliott who has 
given a complete bibliogra])hy of the papers imblished (ni this subject at the 
end of the review 

Finally, N Sheppard has discussed the rotational isoinevisni about C— C 
bonds in saturated molecules as studied witli the help of infrared and Raman 
spectra. He lias also given an exhaiustive list of references 

The book IS very useful to leseareli workers mlerested m the bramhes of 
spoctroseopy mentioned above. The get-np is excel lent 

H.O.S. 
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PENETRATION FACTOR IN ALPHA-DECAY 


S. K. DUTTA. T. K. MITRA and N. C. SIL 

DEPAItTMliiNT OP THEORETICAL PhYHICS, 

Indian Abbooiation poe the Cdltivatton op Si'ienie, Jadavrue, Calcutwa 
{Eeceived, April 4, I960) 


* ABSTRACT . In tliis pa|>er \vd have calculated the peueti ation probahilily of a-partiolo 
thiough a potential harrier hy using the Lanezos ineiliod oi solving the St'hrodiiigpi {-‘(pmi.ioii 
near the nuclear boundary. Wo have choHcn the Woods-Saxon iiotentiiil for the imoloar 
field. The value of the half-life of calculated Irom this penetration fiictoi comes out 

to be twice the exiienmental value. 


INTRODUCTION 

TJie variouH caloulations of tlie penetration factor in tlio proccHS of a-deeay 
tliat have been made till recently according to one-body modoJ, give diflorent 
revSnlts which indicate that there is room for finding out a rcaHonahly accurate 
approximation method. Ab for the potential for such calcnlaliona we liavo used 
the Woods — Saxons’ diffuse potential model near the nuclear surface, since w'o 
fool it approaches reality more than others; outaide the nuclear potenf ial Coulomb 
field predominates. The calculation of the wave function in the region where 
only (>)uloml) potential is present has been made by the Riccati method as given 
hy Abramowitz (1949) (cf. Frofierg, 1955), »So we get an accurate solution of the 
Schrbdingcr equation for the Coulomb region. In solving the Scihriidiuger 
ccjuation in the neighbourhood of the nuclear boundary we have employed, 
instead of the WKB approximation, the method of soluticui given by Lanezos 
(1938), according to which the differential equation has been equated to an error 
term wteh is proportional to Tshebysheff’s polynomial of a given order. Coiisc- 
(luently the equation admits of a finite power series solution. The error term 
vanishes at the zero points of the Tshebysheff’s polynomial and thus an inter- 
polating power series solution has been obtained. In this case tlie error term 
is of an oscillatory character, and the maximum error at any point of the range 
IS less than that of the Taylor’s series solution with the same Jiumber of terms. 

The penetration factor has hecn calculated from the value of the w^ave fuius- 
tion at the point near the nuclear boundary where the potential energy is equal 
to the kinetic energy of the emitted a-particlo (r — r^). 

We have next estimated the half-life from the calculated value of the pene- 
tration factor. 
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MATHEMATICAL FORMULATION 

The equation for u, which is r times the M^ave function of the radial part of 
the tSchrodinger equation can be written as 

4 - 1 ^ 1 ^; - ^ 0 ... ( 1 ) 

Where W{r) for I — 0 takes the form as 

W{r) U{r)-\-V{r). 

where [J{r) = 

T 

I 

I 

— — constant for r < r^, \ 

and “ ^ 

I -h c 

0, for r > r^. 

y 

Yy is taken as the point where the nuclear x)otential drops ^°“Yoo ’ ^ ^ 

the Coulomb potential is assumed to have a constant value. 

# 

To solve equation (1) in the region i2 ^ r ^ we write it in the’ form 

where, , x ^ V 

a 

p = e-^/«, F = ^ {V - E)a^ 

nr 

we now seek solutions of the above differential equation o^the form 


Hubstituting 


z C“* , we get, 
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For our later calculations the indepeiuleiit variable occurring as the argument 
ol the Tshebysheff "e polynomial hae to be normalised such that is varies from zero 
to on.e; so wo make the transformation 



We get from equation (3) 


(P+/^)(l>+v) +(p+v)(l±2A:) = 0 , 


... W 


where //- — — ^ — - and v — . 

22-^1 2a-2t 

we now replace F by a polyncjmial of finite degree n and following Lanezos equate 
the differential equation to a term proportional to Tshebysheff’s polynomial 
of order n. Wo write 


D{F) - tTM 

where D = ^ +(2?+v)(l±2A:) ^ f 

n 

Let whore a^—l. 

4-0 

n 

Tn — ^ ^ Bi 2 >^ (for values of B vide Lanezos p. 140). 

l-O 

Substituting the above expressions for F and T in the differential equation (4) 
Ave get the recursion formulae by comparing the coefficients of the saint* power 
of p on both sides of the equation. 

tB^ ~ ar.|.2[Av(r+l)(r+2)]+« r+iL(/ft+v)r(r+l)-h^v(rH-l)]‘l-t7-y[y(r-l)+tfr+A2]. 
tBh = an\K^~\-8n-\-n{n—\)'\ 

TBn_i = a«[n(7fc— l)(yW+v)H- l)(n— 2)+(»i— 1)^+A**]. 


where 



]+2ifc 

1-2A: 


Therefore the solution of the differential equation is known from the recursion 
formulae except for an arbitrary constant multiplier. The two values of S give 
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two solutions. Wo write therefore for the solution near the surface of the nucleus 
(r < ri) 

u = ... ( 6 ) 


Now for the outside region {r > r^) only Coulomb potential is effective. We 
can write for this region, 



+ ( 

1 

il 

p 

... (6) 

where 

p 7= ar ~ 

\2mE 



_ 2m 2 (Z- 2 )ea 

~ OL 


We must seek the appropriate solution of the above equation (6) near the boundary 
(r r^) where the inner solution (r < rj) is to be matclied with the outer solution 
(r > ^i)- 

The equation has solutions Fq, 6r„ the asymptotic behaviour of which is given 
Fq'^ sin 0 

Gq — cos 0, 0 

as p-^ 00 , 

where 0 — p—i] log 2p+cr. and tr = arg r(f//H-l). 

The combination will satisfy our boundary condition that at infinity 

the a-particlc should behave as a free outgoing particle. Now for different Irangcs 
defined by values of p and i/, different representations of J’q and are given. 
In our region {p < 2^) we take the representation of Fq and Gq given by Abra- 
inowitz, based on Riccati’s method as quoted by C. G. Froberg (1955), 

Fo = JeKMj). 


where 





Q(l, 11) = 2^9„+gii+(2i?)-*grj+(2i))-V3+.-- 
\jr(t, 11 ) = - 2 i?!)t,+?,-( 2 i;)-Vs+( 2 i/)“ 9 j- 
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From continuity of u and ^ at the point r = r^, we fix the ('onslantfl A and B 

of equation (5). It is found that Fq and -—-5. are negligible in eoniparison with 

dr 

Gq and -^’’at r == The values of v at r — where /?<);,< rj, is uelct 
dr 

calculated from equation (5) and the penetration factoi- as defined by Blatt and 
Weisskopf (1964) is as follows 

p = _ ^ 

To the probability of penetration per second we write 

where n is the number of times the a-particle hits the barrier wall. If the a- 
pariicle moves with a velocity v within the crater of the nucleus of radiusP, then 

n — , further we take the de Broglie w^avolongth to be equal to 2P, we 

2R 

obtain (Max Born, 1951). 

Now'^ the half-life can be calculated from the expression 

T - 

A yl ' 

RESULT AND DISCUSSION 

The numerical calculations are made for Polonium (RaCV) with A — 214, 
Z — 84. The values of parameters are the same as used by Tgo and Thaler (1967), 

R = 1 . 36 ^»/H 1.3 in Fermi = 8 . 32 x lO-i^ cm 
a = 0.5 X 10 “i» cm, Vq = 45 Mev. 
m := 6.52.x l0-^*grn. 

.E = 7.714 Mev. 

We have found the value of P = ,069 X 10~^®. With the same values of the para- 
meters and applying WKB method Rassmussen (1959) found the value of a-emis- 
sion width d^^'lS, from which the penetration factor P conies out to bo-^1.17x 
10“^®, Our value is thus about 20 times smaller than this. It is worth while to 



210 


S. K. Dutta, T. K. Mitra and N. G. 8il 


mention here that we have taken U{r) as const^int equal to U{ri) for the inner 
solutions whereas the actual Coulomb contribution for that part would be some- 
what larger. Consequently the value of P is expected to be less than the value 
we have obtained. With our calculated value of the penetration factor the half- 
life comes out to be 

T = 3.201 X 10-« sec. 

which is about twice the experimental value (iZasmussen, 1959) 

T = 1.636x10-* sec. 

In view of the uncertainty of the values of the parameters, this agreement 
may be considered quite satisfactory. 

The accuracy of WKB method has often been doubted (Blatt, and Weisskopf, 
1954). That is why we have not used it and tried Lanozos’ method. The r^ult 
obtained here give.s appreciably better agroemont than that given by the WICB 
method. \ 

The application of this technique to the excited states {I i 0) is under progress. 
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GRAVITATIONAL FIELD OF DISTANT ' 
ROTATING MASSES 

RAMESH. V. WAGH. 

Applied Physics Dbpahtment, (tovisHNMrcNT Polytecunic, Pooha-5 
(Recciwd, Ociohr .‘Jl, 1051)/ after leeisioii Rdmiarif 2, lOIjO) 

ABSTRACT. In 1958, TiiiiTing cttlculaied tho gravitatioual field near Llie ueutvo of a 
rol.ating sphenoal shell. The case can bo goiieralisod io that ol a rotating nuias, wlioj-w th(> 
held away from tho mass can bo dotormiiied. Thirring jiBsumod 


I’M*- pvpL V 

Put it can bo shown that, starting from a Galilean field wo can build up tho oase a iion-Galiloan 
field by introducing some small term in tho metric tensor whoso Galilean value is unity. 'J'hon 
by A straight forward process, wo calculate given by 

Tl^v = . (w) 

JBy tho introduction of a rotating mass m tho galiloau field, which now slightly deviates Irom 
its original churacteristics is given hy the metrio toiisor 


.7iJj 022. Oiia ^-(l‘l-a)(l,r2,r^siii“tf) 
and 1^44 = (I— tt) 


{iU) 


Tho energy. momentum tensor is then calculated wnth c« ” w(l— sin and it is shown 
that this satisfies tho condition.s of mochanics. It is i iicidentally shown that thoi ii is no nories- 
Hity of mtroduring ii/Mi' m tho expression for T/**', us ivcontly done by Pass and I’lraiu (1U5D). 
The desired results are obtained without making such asHuinpl-ions. 


1. INTRODUCTION AND DEBIV^ATION OF ENERGY- 
MOMENTUM TESNOR 

In a recent paper, Bass and Pirani (1955) and otherH (1056) liave diwcusBed 
(iurrections to Thii ring’s calculations of the gravitational field near the c-entre of 
of a rotating spherical shell by introducing an additional term representing 
the elastic interaction betweeJi particles of the shell, in the expression for energy 
momentum tensor 7’^'' — where tho symbols on the right hand side have 

their usual meanings. The method followed by them is an indirect one in so far 
as addition of is made to derive the expression for the energy momentum 
tensor and then certain assumptions arc made as to the behaviour of E^'' with 
reference to the rotating shell. We can however derive the more general expres- 
sion for the energy — momentum tensor in the form 
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( 1 ) 
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wherein we can still assume Galilean values for or With this and the 
modifications introduced in the field by the rotating mass, the whole problem 
can be worked out in a more straight forward manner as given below. 

Accordingly, the flat space-timo as envisaged in the general theory of 
relativity defined by the line-element, 


or its analogue in spherical polar co-ordinates namely, 

=.~~(dx'„^)^r^(dx'o^)-r^ sm^0(dx'o^)^-(dx'o^y^ 


( 2 ) 

(2') 


We shall use this in preference to (2) and remove the dashes in the equations that 
follow. By suitable transformation of dxQ^ the ‘negative’ sign for pg^ which ibay 
otherwise appear can be avoided. Energy-momentum tensor can be expressed 
as : \ 


- 


—Po 0 0 

0 —2)o 0 


0 

0 


0 0 ~Po 0 

0 0 0 Poo 


... (3) 


where Po> 

p%i/ ~ 0 etc, etc. as given in equation H5.1 , p. 215 of Tolman's Relativity Thermo- 
dynamics and Cosmology (1934). If by the appearance of the rotating spherical 
mass at groat distances from the point of interest, the metric foi‘ the gravitational 
field is given by 


ds^ = g^^dxf^dx^ 


... (4) 


then the energy-mom entum tensor for this case can bo written down in accor- 
dance with the usual transformation law as 




JX[_ rp afi 
dXg^ ■ dXf^P ’ ® 


Considering E(pis. (2), (3) and (5) we have, 


... (5) 




dx^ Ox'^ _ dx^ dxV __ dx^ dx^ , dx*^ dx^ 
dx^ ’ dx^ dx^ ' dx^ ’ dx^ dxg* ' dx^^ 

... (6) 


Here, the continuity of the gtLv in the sense of three spaces in space-time has not 
been considered. (See, for instance a paper "Discontinuities in spherically sym- 
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metric gravitational fields and shells of radiation” by W. Israel where reference 
m the subject are given.) 

Let Rq be the radius of the rotating shell thus formed and let n be its angular 
velocity of rotation. It may also be assumed that due to the ])resence of the 
rotating masses the field deviates only slightly from that in a flat space- time. 
This Mull be satisfied approximately if a is considored to be a small quantity 
of first order. 


1 ^ ^ (). „ 2 ^ ^ 0; V = ? \ 

” ds da I'o* I i 


(7) 


Tuitially, we have and siii=*6/(V)’^ = — 1 


where 




-t*- and v,)'* 


dxJ 


ds 


The third and the fourth of Kq. (7) above give 


and 


'i’o'* = U (1 — \ 

^ i{l-RoW Bln^ 0)-^ J 


The metric tensor is now given by the transformation 




which for given by the metric (2) reduces to 


( 8 ) 


^ dxJ’ _ ^ _ Oxy 

^ dx„‘ ' ■ 5V 5V ■ av 5V ' 5V 

We can also write the velocity components as 


(‘J) 


^ d^ dx/ ^ d^ ^ 

W * ds dxo" ■ 


substituting for vf* from Eq. (7) we get 


ds 




( 10 ) 


2 
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with tho help of Eqiis. ((i) and (9) the energy-momeiituin teiisorc an now bo 
written as 




/Jr'' 


( 11 ) 


The positive sign lor the seoonci term on the right hand side is due to the parti- 
cular choice ol the metric tensor as indicated in Eq (2). Substituting for 
in Eq. (11), we get 

y/"' - i(po+Poo)( I O- ... (12) 

I 

It is usual to put idt — and // — t, where t' is the time for the modified iJietric 
We can, therefore, rewrite Eq. (10) as \ 

= 2(1 0““ sin* <?„)-» ^1" . . . \( J 3) 

Where d,, is a certain given value of 0. 


2. THE METKIC 

It is assumed that the metric inside the rotating mass is only slightly modified 
and it does not differ very mucli from the Galilean field. We ifiay, therefore, 
write 

=— (lH-a)(d32+rW^H yinW 56 “)+(l— a)rf «2 ... (14) 

where a = a(r, d,t). ol is an infinitesimal of the first f)rder and its first and second 
order variations are also small. Their products are infinitesimals of higher order, 
In the following derivation these are neglected. 

It would appear that the solution may bo similar to that obtained from 
Schwarzschild's exterior line-clement where it assumed that at large distances 
from the central particle the space would have symmetrical and iaotrojiic pro- 
perties. We now proceed to obtain the solution in this case. 

For the metric given by (14) the energy-momentum Jonsor has the following 
surviving components to the first order of small quantities : 


KT\ = + 

r dr 


dt^ 




1 dx . d^x 
r dr d^^ 


(15) 


... ( 10 ) 
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Trmx , I 


- KT\ = + KT\ - i 


+ ,V( 

[ ^ 

d^OL 

1 da 

drdO 

r dO 

d^a 


drdt 



... (17) 
... (18) 
... (19) 
... ( 20 ) 


and — rVf7’4* - J cot 0 ^ 

uUot 01 

Only first-order infiTiitcsimals are retained in these expressions as a and its deri- 
vatives arc of the first order'. It is also consider ed that at the point of interest 
wliich is at a large distance from the rotating nia.ssos the space-time i.s syniinetrieal 
and cmiditions of isotropy are also satisfied. We have, therefore, =-■ 7’./ — 

which give ^ — 0. Also, if TJ — 0 — 7V“. ~ 0. These latter three r-ela- 

dr 00 

tions give a = •{■ constant ... (21) 

so that the metric will be given 

d,s2 z=_.(l ^x^){dr^^rH0^ sin^ 6/#‘‘)H-(l 4A'-)d/^ ... (22) 

As A'** JH a function of t only, the transformed metric is; 

(Ih^ ==-{] siif-^ OdfM df*^ 

.3 ANOTHER FORM OF METRIC 

The condition that the ])reBsiire should be isotropic gives 


(22') 


-KTf^ = 


(Pa 

d¥ 

0 

0 

0 


0 

d'^a 


0 


O^a 

dP 


cot^? da 
2 dt 


0 

cot^ 0 da 
' d t 

0 

0 

da 


( 23 ) 


where a = 4^^ + constant; 
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Tho density Pqq turns out to be zero to a first approximation as would naturally 
be expected. We may however consider that tho condition of isotropy is not 
strictly satisfied and that =r 0 = then, a particular so.ution can be found 
viz., 

a = w(l— r® sin^ 6 . ... (24) 


where m is an infinitesimal constant and we may take to depend upon time. 
Obviously w may be considered as the angular velocity. The energy-momen- 
tum tensor can now be written as 


-KTu 


= 2m sin^0{to^-|-r’*(6)fij4' 0 0 2mr sin®6^(ocj) 

0 — 2rar* sin®<?{o)^"~r^(ojto+cij®), 0 sin d'eos dtoto 

0 0, — 2mr^ sin^djeo'^— £0^). 0 


(25) 


|2mr sin^^coci), 3mr^ sin cos 0 , r® sin“/7(to(i)+“'*)}j^\ 

The mechanical relation which must be satisfied by the energy-momentum tertsor 
is given by - = 0. It will be seen that this gives — ^ - = 0, which is satisfied 


Ox" 

n the present case. The other relations are : 

^jn 57114 ^ ^ 

dr dt 


5^22 57m ^ 

~de dt 




(26) 


and 


57144 57141 57142 

-m + ar = " 


which gives a differential equation for the determination of w namely, 

wcii+nco^-f 6ci)® = 0 ... (27) 

where a and h are constant coefficients. 
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DIELECTRIC RELAXATION IN RELATION 
TO temperature. II 

J. SOBHANADRI 

Physics Department, Andhra Univehsity, Wai-taih 
{Received, April 11, lOfiO) 

ABSTRACT. lu oontinTiation of the previous worli, the offeot of Ipinperaime on the 
roloxation time t of threo moi'e polar moleeiileH in the non-polur solvent hoptuno was siiuliod 
adopting now the Cole-Cole arc jilot method lor finding t The molecules mwsiigateil live 
2, il-diehloi‘o nitrobonzeno, fi-diohloro nitiobeiizeiie, ond (i-chlorQ 2-nitrotoliipne fov vlrcli 
l-he results are nowly obtained. The results are examined in the light of ]<lyiiiip’B theory. 

In the previous paper (Sobhanadri, J95P) descrilung the results of experi- 
ments on the effect of temperature on dielectric relaxation in six molecules it was 
shown with reference to Eyring’s equation 

7 = AIT. e^TlJcT =: hjkT . e^TjkT 

(1) that the factor A for a given liquid remains constant and independent of tem- 
perature, (2) that its value is considerably higher than that calculated from the 
equation above, namely klk, (3) that it is different for different liquids and (4) 
that the value of E is less than the corresponding value of Erj. 

These conclusions were drawn from experimental determinations ot t 
based on Whiffen and Thompson’s (1946) method of observation at a single 
frequency. However, as pointed out already, it is necessary in the work of this 
kind to determine t with as high an accuracy as is possible and perhaps Ctilc and 
dole’s (1941 ) method based on measurements at dilferont frequencies is the most 
suitable. It is, therefore, thought worthwhile carrying out further investigations 
using this method. The purpose of this paper is to describe such investigations 
on the three molecules 2, 5-dichloro nitrobenzene, 2, S-dichloronitrobeiizene, and 
6-chloTo 2-mtrot.oluene making measurements on solutions in heptane at 1 22 cm, 
3.26 cm and 4.36 cm. 

The experimental arrangement is the same as at 1 .22 cm described m the 
previous paper Sobhanadri (1959). A solution of known concentration is taken in 
the dielectric cell. The temperature is varied between O'^C and 52'^d In order 
to avoid errors arising from divergences and variations in the concentration, the 
experimental determination of Xq, Aa; and Cq are made with the same prepared 
solution in rapid succession at the three wavelengths. 
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Tho values of 6' and e." at the different wavelengths together with the static 
value c„ of the solution (measured at 1 Mc/soc) are in Table I for 

different temperatures foi' each liquid. The plots for each substance at different 
temperatures are shown in Figs. 1 to 3. 

It is seen that the conclusions referred to in, the i)revious experiments are 
confirmed by the present results that (I) for a given liquid there is ]io systematic 


TABLE I 

(1) 6-chloro 2-nitrotoluone 


Tomii 

“C 


] .22 cm 

3.26 

cm 

4.36 

cm 

- TXIO 12 

sec A 

X Toil 

e„ 

e' 

e" 

p' 

£" 

e' 

c" 

0 

2.029 

1 948 

0.026 

1 976 

0.044 

1 991 

0.043 

20.13 

10171 

20 

2.018 

1 . 960 

0 029 

1 980 

0 036 

1 .993 

0.025 

15.33 

1 1 .Vi 

30 

2.007 

1.949 

0.026 

1 979 

0.033 

1 . 993 

0 033 

12.19 

10.96 

3!) 

2.001 

1.960 

0 029 

1.980 

0.032 

1 . 991 

0.029 

10 88 

10.14 

52 

1 .993 

1 968 

0.029 

1.979 

0.026 

1 .989 

0 . 024 

8.26 

11. .39 




Moan 

A -- 10.92x10-11 









E, = 1 

.31 xurif 

Ol'fTH 







(2) 2, 

3-dichloro nitrohonzono 




0 

2 092 

1 .949 

0 036 

1 .988 

0.071 

2 009 

0 076 

2ff. 60 

22 40 

IS 

2 07S 

1 .956 

0.045 

2 008 

0 069 

2.029 

0 067 

17.61 

22 00 

30 

2.063 

1 .968 

0 046 

2 011 

0.066 

2 030 

0 061 

16.93 

22.33 

40 

2.044 

1 . 960 

0.048 

2.017 

0.061 

2.033 

0 . 066 

13 81 

25.80 

62 

2.027 

1 968 

0 . 046 

2.023 

0.056 

2.036 

0 047 

11.58 

20.30 




Mean 

A -- 22.67 X 10-11 









Er = 1 

.33 X 10-13 

ergs 




(2) 2, 6-dichloro nitrobenzene 

0 

2.066 

1.948 

0.030 

1 981 

0.066 

1.998 

0.058 

23.43 

17.13 

20 

2.04J 

1.940 

0.031 

1 .989 

0.061 

2.004 

-0.049 

17.61 

17.69 

30 

2.036 

1 . 946 

0.033 

1.984 

0.047 

1.998 

0.044 

16.32 

18.23 

40 

2 022 

1 . 948 

0 033 

1 .984 

0 041 

1 . 996 

0.036 

14.28 

17.94 

64 

2 014 

1.948 

0.034 

1 984 

0 037 

1.993 

0.032 

12.76 

18.16 


Mean A = 17.83X IQ-n 

E 7 = 1.33xl0-ia oi'gB 
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variation in A, its conatancjy may be asaumed, (2) tlie values are considerably 
higher than the theoretical value 4.5x10““ and (3) i4 is different for different 
liquids. 
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FOURTH ORDER SCATTERING MATRIX ELEMENTS 
OF NUCLEONS WITH A FOURTH ORDER 
MESON EQUATION 

S. 1». MISRA 

MATHIOMA-TIOS DEl'AItTMIfiNT, KaVENSHAW ('OLiJ'IOE, (Vt’I'ACK 
Fcbriiarj) l!MjO) 

abstract. In this pajjor tin* importuni fotirlJi ordm- malrix oleiiu'iils uilli a Dimtli 
oiilei iiieHcm oquaiion luivo hcen ralciilatot). It is noied tlmt llu’ duiif^a iviiojini'hsntion 
that we obtain with this thcoj-y is finiiraiidannilUoraioaHUHhJe vuhieof llie •■findimt 

Ihil the contribution irom the moaon self-onoigv cliagunn reinaniH iiiuilhicd aiul thus renin ms 
an infinity. A nonsiatpiitiutorpietation of this toiiil nsineson muss reiioinialisal it n is olifiiiiirci 
only j[ the baio meson bus two diffeiont rcst-muRSes. 


1 N T K 0 1) U t) T 1 0 N 


Jn two previous papers, we have uousidered a lourih oidi'i meson eiiuatioii 
proposed by Bliabba (ISWO) and Tldiri)i^> (1!)50) Jibas beeiuiotod that tins theory 
IS fairly successfid for the explanatiou ol the anoiiialoiis )i)af,metio nionicuts ol 
uuclcons (Misra and Deo, litr>C).lmt. fads to give exjioriiiieJital results for 
noutioiiproton seattenng (Misra, 1960). Howevoi, th(! prmeipal ailviudage 
of this theory is the fimtcness of many matrix elements that are divergent, m 
uonventional meson theory. For example, Thirrmg noted that the, self-energy 
of the imeleoii in this tlieory was finite and fairly small for a reusonahle value 
of the eonpliug constant Tliese arc well illustrated wlieii we eonstdiu' tlic iourth 
order matrix elements for iiueleon-nucicon seattering. It is the imrpose ol the 
prcsi'iil paper to calculate these matrix eleiucjils 


It is noted here that the charge reuormalisation that we ohtam in this theory 
from the vertex diagram is finite and small. But, the eoiitrihiition bom tlie 
mason self-energy diagram remains unaltered, and thus eontaius an mfuiity I Ins 
happens since the nucleon propagator, on wliieh this depends, remains the same 
here. The mterpretation of this term as mass rcnormalisalion, however, present s 
serious difficulty, and this infinite renormalisation has hcen carried out m I. le 
appendix. We find that this mass rcnormalisatiou can be eonsisieiitlv done ,o 
give rise to unique renormaiised mass only if the bare mesons had two dilterent 
rest-masses. O.i the other haml, a single mass of the hare meson would give r^ io 
two different renormaiised masses. This aspect ol the proh em won c «. 
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eetijig if the renormalisatioii terms were finite, which unfortunately is not the 
case here. 

We now pioceed to evaluate the fourth order matrix elements. The nota- 
tion here will be the same as in the previous paper (Misra, 1960). We only note 
that the nucleon propagator is given as 


</>(vV(*)f(i^)) >0 = ox\y(ik{x-y))d'‘k 

and the meson propagator, as 




A' f 


(2;r)' 


i‘.xi,{ik(x—y)) ,i. 


( 1 ) 


( 2 ) 


l>’ O U B T H O Jl D E B S-M A 'I' B I X B L. E M E N 'J' S 
Here we have, 

<^i> ='||- S ••• J <i%< 

H^i)rsnir{x,)^‘(x,))> ... ( 3 ) 

vdiere the expectation value is to be taken between initial and final two-nucleon 
states with four momenta and ^ 3 , jh I'espectively . This gives rise to different 

Fey man digrams which we consider sepai’ately. 



Fig. l(u) 


(a) Vacuam : 

Here ^^’c obtain 






which simplifies to 


(27r)'*(j)joJ^2o2^soi^4o)" 


X ‘«'{p3)yiT,tlf{p^)V(pi)y^T,ilr{iK) 


(4) 



where 


Fourth Order Scatter'ivg Matrix Elements, etc. 
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/ = r (j^k— '^'0“^) 


The above integral is divergent, and we can write, as luis been shovn in the aijpeu- 
dix. 


T I{q^) - K^mq~) ... (6) 

where A and B are respectively (piadraticalJy and Jogarilliniiciilly divergent 
constants, and Idg^) gives rise to a finite contribution. AVe shall also show in 
the appendix that both A and B go as mass renorinalisation terms. AVc note that 
the same constants also occur in conventional meson theory; hut there the inter* 
})retatiou is different, A alone going as mass renormalisation, and B giving rise 
to coupling constant renormalisation (Schweber, J3etihe and Kofiinan, 1955). 

After renormalisation, the (finite ) contiibiition from this iliagram has been 
evaluated in the appendix as 




4.FK^^^K* 

■(27ry«(PioP.joP;,oP4oF^ 


“ 2h-ih) 


Xin^ j (lx J (ly J dz .^^(l — .r)2jy2{3(K„2-)-(y2r(l— .'r);y;^ 

0 « ' 0 

— K2a:(l— .r)(l---?/2:))-i+2Kt,2(K„2-| r/2.r(l — .r)/y 2 — K2a;(l -» x){\ — yzY'^} ... (7) 

Ln the nonrelativistic apiiroximatioii, neglecting terms of the order of (7 “/ko“) 
and [k^Ik^ as compared to unity, we get 


Thus we find that this contribution, which is of the same type as the second 
order matrix element, is of the order of( /k/kq)^ times the second order matrix 
element. 

(b) Vertex diagram ; 

We see that the contribution from the vertex diagram (Fig. lb) is 



224 


S. P. Misra 




/OkV 


G %1-| P2- -Ih- + S 


(^^)“(?^io2?2o2>aoi^4o)' 

X {iy{Pa- A:)-'«o)r67-j(*r(^i-^)-'<o)r6v47>i)(^c‘‘*+K2)-2 



which Hiniplifics to 


- 


M’^llPT 


_ 

(^^)**(Z^io'P2o?^no'/^4o)^ 


Fig. ](b) 


<H7h-\ Vi - 7^3--;^4)«(i?3)r6V4'/h)^(7>4)yr7r'»^(7^2) 


X(f^-K^)-H} 


i (lc^—2kp 


m*Jc 


{/c‘^ — 2 kp {){Ic^— 21 c'p^){ 1 c^-\-k^)-^ 

The above integral IT is (convergent. To evaluate it, we use 

\j{ahi’^)— J dx J fZ?/ 6?/(l— ?/){(aa"-l-6(l — .t))?/+c( 1 - ?y)} 
0 0 ' ' 

and thus obtain, on integiating for the niomentiiui variable. 

We (can carry out charge ronorinalisaiion by writing 
U - iV Jr/.r } dyy{l-^y)[{y\M->^^{\~^y))-^^-K^{}^-y)^^^^^ 


(«) 


(9) 


( 10 ) 


J dx J dy y{\—y){{tAK^^-\-fx{\~x)-\ K\\—y))-^ 
0 0 

— .v)) ■'' ~-y){yW+A^—7/)y^ 

H-k 2(1 _.y)(2/2(K„2 + g2T(l— a:))+K2(l-2/))-2} 
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=i7T^ ] dx i dy %j{\ —y) 


3/2K,3+2K2(l_y) 

•<“( I -?/))“ 


— J <}x I dy J dz y{\ ~y) 


Xa:(l -x){{y^K^^^\-q^x{\-x)y^z~Jr*^V -?/))-“ 

Ill deducing the above result we have utilised the equal ion 
1_ _ ^ f 7i{/J—cx) , 

od' /i^ 3 (azH /i(J - 2 )}"|i ‘ 


( 11 ) 


( 12 ) 


The first term on the right hand side of Kq. (II) may be regarded as the charge 
reiiormalisation term to bo included in the second order contiibuiion. Tliis 
is because wo assume that when there is no change in momentum, the contribution 
from the vertex diagi'ani should vanish. The second term ol the sjime et|uation 
gives us the physically important contribution from this process Por uon- 
lelativistic regions, neglecting y’ as compared to and making the siibslitiition 
A — the second term of Eq. (II) is seen to be 


- ^"-5- 0k„4 


%7T^q^ 1 1 

6^ L A 


f f yi^- y)<^y i 
) \ (2/“+A(1 - ?y))2 

u 

- cos-HiAS) ] 


2Ai/(l yY^dy \ 

(?/'+A(r‘' ?/))'’ I 


Thus we have, Tf = 0 ( ^ \ , and hence, substituting in Eip (S) and 

\ / 

comparing with the second older contribution, the iiliysieal pail of the c.ontri- 
hution from the vertex diagram is found to be of the order of times the 

second order contribution. 

Wc shall now see the order of magnitude of the renormalisation term. This 
term, on the right hand side of Eq. (11), is 


Sll 


d,H-2Af 
(2/“+A(1 -!/))“ J 


(»*-| A(l-j/)V 




LO.S+0.71 


xi.r>. 


Thus, by Eqns. (8) and (11), the part of 
is 


renormalisation term 


/i^v 

(27r)«(pioPao2^3op4„)“ 


X ] .5 X S(Pi~YP2-~Va-' 7^4)(‘7^-r'‘'“) “ 


XU(p3)y^TMPlMp4)76^MP2)- 
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HeiKie, fUL c‘f»mpji]ing witli the secoiul order eontrihutioji, we obtain, 
/-(roiiomialiscd) — 1 + X I-’’] 

=/*[l4/“x2.l4xlo-''|. 

ThiH gives ns that the i ononnalisation of the eonpliug constant is small for any 
reasonable value of the bare coupling constant, which in this case must be finite. 
We note that here the bare coupling constant is not an abstraction to be discarded 
later on, but is a meaningful quantity that can be determined to any degree 
of accuracy in ter'Uis of the ])hysical or renormalised coupling constant. 

(c) N'ndaou sdf-etKirfjy : 

The contTibutiou from the nucleon self-energy graph (Fig. Ic) is to be tro4tod 
just the same way as for ordinary mesons theory , and is to be taken along withvthe 
contribution from the diagram Fig. le/. We may note that the eontribution 
from both the diagrams gives rise to an ambiguous expression and to get meaning- 
ful results we may assume some form of periodic damping explicitly. For example, 
we may take oui interaction .Hamiltonian as (Sehwcber, Bethe aud de Hotfinau, 
1955, p. 2m) 



Fig. l(r) Fig. l(f') 

if (1 

where 

m = je(r„)<- -’r"' dv„ = f(?(r„)e di\ ... (H) 

-00 -00 

with r = (r„, 0, 0, 0) and 

ff(0) - j ff(r„)<ir„ - 1. 

- 00 

As an example of a function of such a type, we can take 

g{t) = {Tlt)mx{tlT) ... (15) 

such that 


. T/2 w^hen -1/T < F,, < 1/T 

OiTo)^ { 

^ 0 other^vise. 
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Clearly, in the limit T ai^proacheH infinity, C(l\,) appiDaulies a (M'liuc-tjon, and for 
any finite time, g{t) api)i'oaches unity. 

LfOt us now (;oiisulfo the eoiitiilnilion liotu llie sell-i'iU'rj^y (liagraiii jo Un* 
general ease, with p not the momentuin of an external hue. given as 


S(p) - 


r »>(}'__<•) -jio j,,. 

(277)^ ] 


^ A-\ S(iyp-\ I k„)“S,.(j7), ... (|(() 

Now, M'hen we recalenlate tlie eontTibutioiis from the Figs J(i') and !((•') witli 
the Haraiitoiiian given by Eep (13), by inteipretation of the tenu for mass 
iciiormalisation, the eonslant A in Eq. (Ifi) will exactly eaiicid with the term 
betore going the limit Also, the constant H iii ibis equal ion, wbieb at 

tlui outset IS ambiguous, becomes now^ well-defined and gives rise to the wavo- 
liiiietiou renoriualiaation (also vide Jueb and llohrlieli, 1055, p 1S5) Again, 
since in tins ease we have au external line, IIh‘ eontribntion wnlh will not be 
there. 

Thus, Avitli such diagrams, the (‘outribution goes only to a mass renonnali- 
satiou (which is finite and has been calculated by Thirring (1050)) and to a wave- 
function renorinalisatioii, which also is finite and can be calculatefl in the standard 
way), and there is no contribution to the scjattio’ing jiroeess, 


{(i) ^'Kccasfi'i re and croased axchatiijc of ttvo mesona . 

As in the previous eases, the contribution trom the f'cyniiian diagram Fig. 
I (d) for the ease of sueccssiv e exehango of two mesons becomes, on using the 
cijuations w ith yq and p,, as the Ibur-iijoiiiejita of fier; particles, 


F P - 


rH Pj 




h ^ 

. > 

"p p ' 


Fig. 1(d) thg. 1(e) 

Lt (i7) _ ‘^'(7h-f 7*3 _2h) y 




( 17 ) 
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where 


- s 


kfiJCp 




... (18) 


IJsiJig rejjresejitatioii with subsidiary variables and carrying out integration ovei’ 
the nioineutuiu vaj iable^ we obtain, on simplification, 


= 120 ] dx S dy S dz z{i~^z) ir(l —x)'^ J d^k kfik^[k'^—2k[p^^x{\—y) 

0 0 0 

-2J.pr.y-^'qz{i—x)}-\-qh{l—x)-]-K%l—x)\-^ 

J dx J d;y J dz rr(l- a;)®s(l ~z) [ -|- 1 , 

0 0 0 L j)^ IJ* J 


(19) 


Avhei-o 

Q = pA^-y)-p2.-^y+v4^-^') ■ ■ (!^9) 

and 

J) — KQ\c^{i -2.v)“ -|- k‘^( 1— .r)+Q'‘^«(l z){} -xy^—j)^x^y{\—y). (21) 

Substituting the value of Q from ecpiation (20), we see that in equation (17), 

r.'*’ Ga -K„v{i-2yr 

in the nonrelativistic approximation. Also, in this approximation, 

Hence we liave in Eqns. (17) and (19), 

^ in^Uc] dy]dz a;(l-j)»*(l-z)x{ +^3 } ( 22 ) 

whore D is given by eqn. (21). 

The evaluation of the above integral even in the non-rolativistic apiiroximation 
requires special care, since the denominator vanishes for certain values 
of the auxiliary variables x and y. The singularity here is to bo dealt witli 
by adding a small negative imaginary part to the mass of the meson. The integral 
to be evaluated is 

I ^]dxUy]dz x(l-x)h(l-z) I - _ 


where, for Eq. (21), we can take 


D K,2a:2(l -~22/)‘‘»-hK=i(l~a;)+9‘‘z(l-2)(l-.r)“~4pV-‘ 


(23) 
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We now note that 


I ~ ^ ^ / 


\diere 


dy I - i ])-^ I 


(24) 


(240 


\N{i now put for brevity 

ff>{jc, z) K%1 -a‘) 1 r/ 2 (l - 2)(1 


(25) 


;ni(l put .S' K^xii -2y) as tlie mte.^rralioii variable uistead of ;(i/. TIumi V(‘ ^o1., 

1 1 lioX 

/„= J- (Iz J dx J ,is|_s2/(,2^ ^{x,z))--- I i(«^-| 54(.r,s))-i}. (2(3) 


iSmeo and q'^ are positive definite (?oiisiaut.s, (i hey ai e jjositivc delinite in Uio 
oentrc of mass system), we have, in Eq (2.5), z) is a inonotoiiicaljy dimi- 
nishing function of X for ajiy given value of z, and is ])()sitive wlu'ii .r 0 and 
negative when a: — 1. Hence ^i(.X'.z) vsiiiLsheH for <nie value ^ — ^(,':;) of , witli 
0 < ^ < J , and we have 

and (p{x, z)> 0 when 0 <.r 

< 0 when | •- 1. 

Ill the second ease above, tlie .singularity for the .v-nitegiation is to be treated by the 
addition of a .small negative imaginary jiart. ►Separating the region of intcgrali(*ii 
of into (0, $) and (^, 1) and performing the *■- integration for these regions sojia- 
rately, we obtain, after some lengthy but straightforv ard calculations, 


Tims, by Eqns. (24) and (24'), 


r ^ f J f 7 a;(l-j:)MI '’S) 

j * \ ^ -*)(l 


t)2 


... m 


... (2S) 


^^dlo^e we have again uegleeted J 'p^ as compared to Kq'* 
4 
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Now, in Eq. (28), we note that when a- in (l“a:) of the denominator be- 
comes significant, the term fiecomes large compared with the other terms 
whereas, ior small values (jf x the terms ami predominate in the denominator. 
Hence in the denominator, we can write 1 instead of (1 — x) for the factors of 
and q^. Again, w'e can omit x in (1— in the numerator, since, when x is com- 
parable with unity, the Kq in the denomhiator makes the contribution anyhow 
small even without this factor, ami thus the change thus introduced is negligible, 
Thus we can write 


± X 

I'M 


Jj- a'(l-2)z 

' lK„W|. K^’-l fi(\ -2)i3 ■ 


(29) 


The aliove heuristn; argument, however, does not give us the degree of eri or 
in taking the value (29) instead of (28). We can estimate this by taking the dif- 
ference of the right hand sides of Eqns (28) and (29). Using Eq^ (12) 
Ave eaii show that this differeiiees is of the order of 


f f'-*? - +0(K») f - -- 


xHx 

-Ax-\-Bf 


m 


whore the quantities A and B do not depend on x and are of the order of vdth 
B > A Starting with the result 


J 


1 

I 


dx 

Yk^“X^‘‘—Ax^B\ 


2 


lan“^ 


/ V \ 

\ 2B-A I ’ 


we get, by differentiating, 


1 


IsV-* Ax 1 iip 


I 

X^B^i- 


tau“^ ^ 


2^B \ 
2B-A I 


(3 In) 


and 


i 


xHx 

[k^^x^-Ax-^'B\^ 


1 


taii"^ 


/ \ 
\ 2B~A~ I 


(aib) 


Thus w'e fiml the diflcrouee in the ajiproximations (28) and (29) of the integral 

7 as O / ^ On the other hand w'e find that the integral (29) is 0(1 /ko‘‘^k®), 

\ / 

such that wo have neglected a term of the order ol (k/k^) higher than the leading 
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terra when we have written down Eq. (ifl). The «raall values of the eoeffi- 
ciciite of the leading terms in Eq. (31) further justily tins ap]u„xiiuation. 

Now performing the .r-integration in Eq. (20) suil retaining the main 
contribution, we got, 


4k o- J |k2.| n‘^z([ ~ z 


wluoh on direct evaluation gives us 


... (32) 


4k„2 \ 4(7“)»/»(«« I i<]y^ \ j (,,3)1/2 I 2,/(«'^-| }r/“) J ’ 


... (33) 


such that by Equs. (17) and (21)), 


f! (,J) = _ 


»(p,)r.r,«(p,F»(,.,)rer,n(p,). 

... (34) 

For crossed exchange of two mesons, we have, from Fig. 1(c), 

— '-/''K‘^(27r)“‘'“K(,‘*(p^Q/;2o/>3o^i,io)'-^H::/i|-|- p4)^^'fii> 

< '”{P3KW/l>W(/q)w(/l4)TjT,y/2), /(;),), ... (3^5) 

where 


fjii. 

' (ifc3 ^2k2}^)(k:^- 2ifc2q)(F- 2ifcr/^-fy2-}-Ki)‘i(FH- k^)'^ 


- [ « 
ing as in t 

F'„. - in^ i dx I dy ]dzx(^ -x)h0 - z) 


Vroceediiig as in the case of successive exchange of two mesons, wo obtain, 
111 


0 0 0 


'vliero 


and 


Q\ = Pi^oc{l—yy\-p4^Ty+ff^z{l-x) 

D' — K^x^-\-K^{l—x)-\-p^x^y{l—yyYqH{}—z){‘\ — a:)“+f/Wy(l— ?/) 
c=£ »cq2.t2-1-k®( 1 ““a;)+r/^z(l — z)(l —a;)-. 


(:m) 


(37) 


(38) 


... ( 39 ) 
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Jji th6 further nourelativistic approximation, we have, in Eq. (35), 

\dx\dz *(i-*)»z(i-j) U 

0 0 


= in^r Bay. 


( 40 ) 


We note that D' is positive definite and hence the integration above docR not have 
the complieatioiiB of the previous ease. 


For the evaluation of the integral (40), Ave make the same approximation as 
was made in the previouLS case in going from Eqn. (28) to (29). We have seen 
that this is strictly valid upto an order (k/'Co)- With this approximation we have, 
on carrying out the a;-integration, , 


1 _ J z{\^)dz 
4ko^ I L'^2-1-(/^2;(1— 2:)P ’ 

u 


\ (41) 


A comparison of the above Eq. with Eq. (32) shoAvs that 


r 


Hence, by Eqns, (34), (35) and (49) and (41 ), we obtain, with 1 given by Eq. (33). 

-1- 6i7r2/‘K4(27r)- 

A comjiarisoii with the other terms of the fourth order also shoAj^s us that the 
major contribution in the fouidh order arises from the successive and crossed ex- 
change of two mesons. This can also be seen from physical reasons b\)r 7',, 
coupling, a transition from particle to antipartiele states will give us the maxi- 
mum contribution, which is possible for the above type of diagrams. 

APPENDIX 


Meson mass renormaiisnUon Jn order to interpret certain terms arising 
from Eq (4) as mass renoi'iiialisatiou, we have to first write the integral 
(5) occuring there in the form (6). Wo notice that this integral, written as 


1 


1 




u 


d*lc 

{k^-\-2kqx-]-q^x + Kq^)^ 


(Al) 


is quadratically divergent, and thus requires care even in the change of momentum 
variables to be integrated. Using well-known methods (Jauch and Rohrlich 
1955, also Eq (12)), we obtain, for a shift of the origin, 


T ^ 


\dx\ 


0 


k^—q^x{\ — a;)H-K„^ 



(A2) 
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In order to ^Tito the integral 1 of (A2) m the form (h). a\l- repeatedly make 
use of the identity CKq. (12)) 


^ _ 1 ^ f _n{ft - a) 

/y« J (a2+/y(r-2))«+i 


This gives us, after some lengthy ealeulatiou and comparing witli Kq. (6), 
the values of the constants A and B as 


and 


A={dx[d* 1 c *"-l A(l-:>)t'';o- . 

3 3 (e- K*:r(l-rr) I ' 4 


... (A3) 


3 3 \(P I 


c(l -r) \ _ ,7t2 . 

{k- - k2j( 1 -.(■) 1 K,;-i)‘-i J 4 


Also, after momentum integration, the finite iiitegnd is giveji as 

h{q^) == J i dy I dz x\[—x)hjx -|-f/‘-2x’( I - a;);</ 2 — kV(1 - r)( I — 1/3))“’ 

0 0 0 


+ 2k„^(Kj,“-1 q^x{\ - .r)yc-K“,r(l-x)(l~*ys))-2]. ... (A5) 

We shall now see ho\N' the divergent constants A ajid B may he interpreted 
as mass renormalisatiou terms. For this jmrpose, we write the meson Held Jjsigran- 
gian and the interaction Lagningizn in the Heisenherg rejirescntat-ion as 

=~ i l( W-)(a0^)+( 2 ‘W^ ){d,.4>') 

+(K/d- 

+ ... (AO) 

where the line below the operators means the corresponding quantities in Hoiscn- 
berg lepresentation. In the above, k, and k.^ are unreuormalised masses and (5 k,“ 
and are the renormalisation terms, such that the observed mass is given 
the eipiations 

8k^ — 2k2, 

(K,2+iK,S)(K,2 )-tfK/) = K‘ (A7) 

We now have to set up the interaction representation and to do this, we proceed 
in IJmezawa (1956). 
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Ufiim^ Eq. {Al), meson field equation becomes 

- ... (A8) 

We now solve the above equation with fbe letarderl Green’s fnnetioii re') 

satisfying the equation 

(□^K2)2r?^(a;-a/) ^-S,{x-x’) 

and 0^{x—x') 0 when < x\ and the furiction fr(a*) — Oji{x) — Oj^{ — a:). Then, 

a partial integration with the assumption that the interaction (and hence the 
ronorrnalisation terms ) vanish at infinite past sufficiently rapidly, gives us, 

where (j>\x) is a field operator satisfying the cijuation 

and e(x~-x') = 1 or —1 according as x' is earlier or later than x The words 
“earlier’’ and “later” refer to space-like surfaces on which c(.r— .r') has a disconti- 
nuity. * 

Now, let the interaction represenf aiion state-vector i//(rr) be given in termis of 
the Heisenberg state-vector as 4i(cr) — ff((r)^y, ^>(— 00 ) — ], Then we have, 

* S'- 

and the intcgrability condition 

'itr - 

where x and x' are any two points lying on the surface cr. 

We now define auxiliai’y field operators or) given by 

O') (f>\x)-\- J {0{x—x')\ifK^f{x')y^TiT/r{x') 

-00 


(A13) 
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and proceed exactly as iu Uniezawa (li)5«). Tlicu we obtain Ibat (be b.Uuaetioii 
Haiuiltoniau is given by the equation 

\<l> (»), Ui:x', cr)J = 

-(S(tT)(S ,“+<! f(l(x-x'))(d\4,\x'))H-'-((r), ... (A14) 

where clearly .r' lies on tr. Using this, and thal and its first order 

spaee-tiine derivatives vanish for spaec-like se|>aration of Hu- points, iiq. 
(A14) may be seen to reduce to 

fr)| ^ 0(.r')r6T,(//(.r') 

— dKj)i{d\0{x--x')){d' f,(})^{x')) (A 15) 

(Sijice tlie held operators lu Kq (Air>) satisly free field eoiiiinulalion relatjojis 
\fp^{x), (/)J{x/)\ r-. iK^^jO{x- .r'), 

we obtain 

-is2(,5K;i+iVj‘-‘)(dV<6'(a-'))(d'^5i'(.c')) . . (Ajfi) 

We note that the presenee of derivatives of lield ojiei alions m flic self-eoupliiig 
of the meson liclds does aof intiodiiee terms depending on the normal to the 
surface 

The above interaetioii llaindtoniaii clearly .satisbes the iutegrabilitv condi- 
tion {Ai2). 

The presenee of sCeojid and third teims hi //(.t, ( 7 ) of Jiij. (.-J Hi) gives rise 
to veitices with only two meson lines. Consideration ol the corresponding 
Fcyiuan diagram (Fig. If') gives us, uith 



Fig. !(/') 


... (A17) 

the contribution as 
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Cotnpansou ot Eqii«. (-417), (4) and (6) shows that the contributions with the 
divergent constants A and B are cancelled provided 

4/4kM = i/2K4(27r)Vi-i?i'^^), 

4Pk^B ^ ijV{27T)^Bi. 

Henieinbering substitution (17), the last equation gives the l)arc masses and the 
renoruiahsatiou terms v itli A and B given by equations (A3) and (A4), We iiotc^ 
note that the interpretation of the constants A and B in conventional meson 
theory went to both mass and coupling constant renormalisaticni, which is not 
possible here. Also, two bare masses were needed to intei'pret two divergent 
constants as renormalisation terms. On the other hand, if we had started with 
a bare particle rd unique mass, and liad considered interaction, the corresponding 
mass renormalisation would have given rise to a splitting of the mass, frhis 
result is interesting, but such a sphttmg is useless to investigate so long as\the 
equations that determine the splitting, and thus the physnjal masses, eoniaiii 
iufinitc constants. 
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ULTRAVIOLET ABSORPTION SPECTRA OF ISOMERIC 
FLUOROTOLUENES IN THE LIQUID AND 
SOLID STATES* 


S. [v. iSeii 

Ol'TlCH DkI'ARTMISNT, iNlJtAN AsSOCIA'L’TON FOU TJllfi CULTIVATION OV Sl'lKNLK, JadAVPUU, 

C'ALfTm’A-32 

{lieccived, J^'ehruari/ 20, J%(i) 

ABSTRACT. Tho oil iTiviolet abfiorijiion siicclra <»r ihoiikuii- lluoi ololwciio in Ihn 
iKtunl uiid solid stales have boon analysod and the re.sults liuve boon conumnul with Ihnw 
loi the sulistuncoB in the vajitiui state reported by iirovious woikeis, 

'Pho spoetruni duo to liquid state of o-fhioiotohione oxliihith broad bands, Uu' 0,(( band 
homy shdtod towards longer wavolongthu by 23K ciii i with losjieel lo that due to vajunii. 
'I'he baiidfl boeonio sharper and shilt towards shortor waNolonKlhs when the hquid is 
solidified and cooled to — ]80'’(J. 

Ihe Sjiocti'uni due to the liquid iH-lhiorotoliiene a])]ioars lo consisl of I wo scrirs n( bioad 
bands which have boon assigned to luonoiuerH and dimers lospootncly Only one system 
of bands is given by the substaiico in the aolid slate at — IKU It has been shown that 
Ihcse roflultw can be exjilaiiiod il it is assuiriod that all the molecules are translormed int<i 
diiiiei'H in tho solid state at — IHtP'C 

The Hjieuli'um duo to jj-fluorotohioiio in tho solid stale at — 1H(I“C soeins to eonsist ol’ 
two series of bands, it has boon jiossiblo to analyse them on Ihe siijqioaiiion that I ho I'xeiled 
elect l oriJC energy levol is split, up into two eoiupouonts I’he shitt of tho (1,0 band on liitiie- 
laetioji IS observed to be larger in (lie ease ol (ho para cum pound than m thneaHonf the 
oi'tho eoinpound. It has (herefore boon coneluded that (ho huger shiKmny he du<‘ In Ihe 
loi'inalioii ol dimers oven in the liquid state. The CiUise at the sphttmglms heen diseiissetl 

1 N T U 0 D U (' T I O N 

liiveHtigatioiLS on thu iuflnunce of luicrmolec.ular field on tlio absoriilion 
speclivi of Home halogoii substituted benzene eoiiipoiindM in the state of aggrega- 
tion at low temperature by Swamy ( 1952 , 1953 ) revealed Home uiterostiug laetH. 
Splitting of the eleetronie energy level into three eoinpfuients wa.s observed in 
^lie (lasc of o- and w-chlorotoluene, o-diehlorohenzeue and o-liromotohicne when, 
the HuhstaneoH were solidified and cooled to I 80 ^C No splitting was, however, 
observed in the ease of the para eoniiionnds. iSiiiiilar (jhangcH in the Hpeotra 
were observed later in the case of ?w,-hromotolueiie and m-diehlorohcnzene by 
the present author (Sen, 1957 ). Thus, unsynmietrieal diHuhatituted benzenes 
euntaiiung halogen atoms as substituents showed the splitting of the energy level. 

♦Conimunicaiod by Prof. S. C. Siikar. 
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The cJoc ironie absorption spcelTa of free inoleeules ol' isomeric lluorotoluenes 
ill the vapour state have boon investigated by Cave and Thompson (1950) and the 
sjiectra ol solutions of isomeric fluoro toluenes in w-heptane have been reported by 
Miller and Thompson (1949). They observcrl higher extinction co-efficient for 
/j-lluorotohiene than in the case of o- and /Ai-fluorotoluene. 

Previous investigations on the iiiliuencc of mtermoleeular held on the ab- 
sorption spectra of halogen substituted benzenes have been couhnod only to 
compounds liaving either chlorine or bromine atom as a substituent. As the 
lluorine atom is more strongly acth'^e than the chlorine or bromine atom, it was 
thought worthwhile to extend the investigations to isomeric fluoro toluenes. AVith 
this object, the ultraviolet absorption sjicetra of o-, m- ami p-fluoi’otolueue m 
the liquid state and in the solid state at - ISO'Tl have been studied in the present 
investigation. Tiie results have lieeii discussed and compared with those for the 
other halogen suhstitiited benzene compounds in the states of aggiegatic)|ii 
rujiortcd by previous workers, ^ 

JC X I* K K 1 M K N T A i. 

(Chemically pur(‘ sainjiles of o-, m- and p-fliiorotoliiem* (Kisher) were distilled 
rcpeaterlly uudei' reduced pressure before lieiiig used m the present investiga- 
tion. 

The experimental set up was the same as in an earlier investigation by the 
author (Sen, 1955), Spectrograms were taken on Ilford HP3 films with Jlilgei K1 
quartz spectrograph having a dispersion ol 3 A.IT per mm in the region of 2600 A. 
Very ihm films of thicknesses of the order ,ol a few microns were required to pro- 
duce the bamls due to the licpiid state and the time of exposuio varied Iroiii 
10 to 15 minutes. The corj esponding spectra due to the substances m the frozen 
stale at low temperature were recorded with a time of ex])osuic ol about 1 hr. 
Iron arc sji'.iclriim was taken iu each sjict Irogram as comparisou. Microplioto- 
metric records were obtained with a self-recording mirrophot.onictej' of Kipii 
and Zonen type. Tln^ fiecjueucies of the hands were measured using the niicro- 
photomctric records of iron lines as in an earlier investigation (Sen, 1956). Tlie 
slit width was 0.3 mm ( 15cm"^‘) m the region of 2600 A 

K K S Up. T K 

The mit rojihotomctric records of the spectra are reproduced in Figs. 1, 2 
and 3 ami tin* vave iiiimbeis of the bamls \nth ajiproximatc intensities ami pro- 
bable assigumeiits are given in Tables J — ^JJJ. 

DISC U SSI OX 
(a) 0 - Fluorololitene (Cl^H^OH^F) : 

The absorjition spectrum of o-ttuorotoluenc iu the vapour state had earlier 
been photographed by Cave ami Thompson (1950). The 0,0 baud was taken at 
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37576 cm“^. The rest of the ])an(lf< were explained as due to progressions of 
excited state vibration frequeiu ios 707, 024. 1230 enr ^ and their conihinaticuis. 

They pointed out that on the longei wavelength side of the 0,0 band there 
is a very strong band, but they did not explain vliy the feebler band was taken 
as the 0,0 band. On examining the spectrogram reproduced by them, it is found 
that if the 0,0 band be identified with the strong baud at. 37484 em~^ two very 
sharp and weak bands at 37414 em“’ and 37554 cm-' yield a vibration frequency 
70 cm~^ both in the ground and excited states. These two frequencies seem to 
be coupled with all other stronger bauds giving ])rogressions of fiequeiicies 707 
1 * 111 “^, 804 cm \ 929 em~i and 1230 cm“^ Also, a band giving an excited fre- 
(piency 498 em~i is observed in the spectrum due to the vapour state and this 
band is observed in the spectrum due to cry.stals at 180‘'0. Hence the 0,0 
band due to the vapour is fixed at 37484 cm ’ 



Fig. 1. Micrapl;otometric records of iho ultraviolul alisorptjoii spootra of o-fluoiotolueno. 
(o) H ol id ui —1 80*^0. (1)) Liquid at 30"C. 

Four broad bands have been observed m the spectrum due to liquid state, 
the centre of the 0,0 band being at 37246 cm~^. The 0,0 band thus shifts tow^ards 
longer Wavelengths by 238 cm“i wdth licpiefactioii of vajiour. Such a shift may 
be explained on the supposition that intermolecular field acting on the 'molecules 
in the liquid state lowers the excited electronic energy state. The broadness of 
the bands may be due to fluctuation of intermolecular field by thermal motion of 
molecules. The succeeding bands represent progressions of excited state vibration 
frequencies 707 cm' ^ and 924 cni"^ which are not different from the corresponding 
frequencies observed in the vapour state. 
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TABLE I 


Absorption bands of o-fluoroioliiene in the liquid and solid states 


Vapour 

Oavo and 
Thompson 
(1950) 
(Prominent 
hands) 

Present author 
on the basis of 
spectrogram repro- 
duced by Cave & 
Thompson (1950) 
(Prominent bands) 

Ijiquid 
at 30°C. 

Solid 

at -180°C. 

p in 
cm-i 

Assign- 

ment 

p in Assign - 

cm-' men! 

p m Assign- 

om-i ment 

p in 
cm-i 

Assign- 

ment 

36827 

0-*749 

3735 l(vw) 0-133 




37302 

0-274 

374l4(w, 0-70 

(very sharp) 




3757ft 

0,0 

37484(v8) 0,0 

37246(s,b) 0,0 

37400(vs) 

0,0 , 

38283 

0 + 707 

37554(w, 0+70 

very sharp) 

37953(H,b) 0+707 

37896(111) 

0 1 49ft \ 

38500 

(» + 924 

37982(vv) O-MftS 

381 70(m,b) 0 + 924 

38107(h) 

0-1-707 

3880ft 

0 1 1230 

3H12l(w, 0-1 707 

very sharp) —70 

38877(M'.b) 0-1 707-1 924 3H324 (h) 

0 + 924 



38191(h) 0-j 707 


38630(111) 

0 j 1230 



38260(w, 0-1 707 | 70 

v'ory sharp) 

38815(111) 

0+707x2 



3821 8(w, 0 1 804- 

very sharp) 

70 

39035(111) 

0 + 707 + 921 



38288(h) O-I 804 


39127(111) 

0 1 49ft 1 1230 



3835S(w, 0-1 804 | 70 

very sharp) 

39250(m) 

0 I 924 X 2 



3841 3(h) 0 1-929 


39552 (m) 

0 ( 924 1-1230 



38714(m) 0 + 1230 


39741 (m) 

0 1-707 X 2 -1 924 





40044(111) 

0 J 707x2 + 1230 





40261(w) 

0 + 707 + 924-1-1230 


On solidification and cooling of the substance to -~180”C, the spectrum 
yields a sharper system of bands with the 0,0 band at 37400 ctn"^ shifted by 
1 54 towards shorter wavelengths with respect to its position in the liquid 

state. Progressions of excited state vibration frequencies 496, 707, 924, 1230 cm"^ 
have been observed. As mentioned earlier, the frequency 496 cm”^ also appears 
in the vapour state and it may correspond to the ground state vibration fre- 
quency 530 cm~^. o-Fluorotoluene does not seem to exhibit any splitting of 
electronic energy level unlike orthochloro- and orthobromotoluene. 
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{h) m-Fluorotolufne (C^H^CH^jF) 

The ultraviolet absorption spertrum duo to viip()iir state* of w-fhiorolohieiio 
was analysed by Cave and Thompson (19/iO). They found a large nuinhor of feeble 
bands within a distance of 240 oin-* Irom the 0,0 band at 37398 cm-' on the shorter 
wavelength side and a set of stiong bands on the longer wavelength side, 'Phe 
latter bands were assigned to v— > 0 transitions ^^ilK ground state vibration fre- 
quencies 70, 184, 253, 311, 520 and 726 eiii'i. 

In the liquid state the first baud appears to consist of two unresolved broad 
bands with centres at 36965 cin-^ and 37212 cm The next two prominent 
bands have a separation of 686 cm-' from the first, two bands respectively. The 
succeeding bands are very broad having no st-rncture. 


TABLE T1 


Absorption bands of w-fliiorotoluene in the liquid and solid states 



Vapour 





(iive & T1iuiu]jhoii (J9r>0) 
(I’lomitU'nt baiKls) 

Liquid ni 30'’(' 

iSnlid at 

-IKO'C!. 





If in Pin 

AsHigninoni 

If m Pill-* 

AHHlJ^UIllPIlt 

i> III Pin * 

AH,sij?uiUpn1/ 


0-1003 





3(5672 

0-726 





3(587H 

(5-520 





37(587 

(5-31 1 





37Ur» 

(5-J81-70 





37176 

0-253 





3721-1 

37243 

0-184 





37273 

37325 

()--7() 





37346 






37308 






3731)8 

0,(5 

36965 (h) 

Ao 

37239 (h) 

().() 

3 74 HO 

0 1 684-520 

37212 (H) 


37924 (h) 

(5-f'OH5 

374116 

-70 

37650 (H) 

Ao \ 685 

38163 (ft) 

(5 + 924 

37535 


37896 (h) 

B„-l 685 

38485 (h) 

0 1-1-46 

37558 

(5 + 684-520 





37573 




38853 (m) 

0 + 685 + 924 

37631 

0 + 966-726 



39087 (in) 

04 924x2 

37680 

0 + 282 



39412 (in) 

0-1 024 1-1246 

37892 

0 + 457 



39733 (w) 

0+1246x2 

38082 

0-1 684 



40331 (w) 

0 1 924x2-1 1240 

98363 

0 + 965 





38659 

0 + 1261 
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The flpectnim seems to coiisist of two scries of bands separated by 247 cm’*i 
and one of these series seems to disappear mth solidification of the liquid. Hence 
it has been assn mod that the two scries are produced respectively by the 
monomers and dimers present in the liquid and that in the solid state at 
— 1S0°C, all the molecules are transformed into dimers. 

When the liquid is solidified and cooled to — 180°0, the first band becomes 
narrower and appears to consist of only one broad band with its centre at 37239 
cm~^. However, the 0,0 band due to the frozen mass at — 180“0 is not sharp 
but it has a width of about 100 cm-i. This cannot be due to the presence of un- 
resolved bands due to 0— transitions by the side of the 0,0 band on the shorter 
wavelength side because the first band is (piite symmetrical throughout the whole 
width, and similarly, all the succeeding' bands on the short w'avelength side aiie 
equally wdde. It apjiears, therefore, that these widths of tlie bands are due to 
perturbation produced by neighbouring molecules in the cyrstal on the electronic 
energy level of the molecule. This perturbation being small, there is no ohserv-i 
able splitting into three components as observed in other cases oi halogen substi-' 
tuted meta compounds Tt appears from Fig. 2(a) and Table II, that in the s])ec- 



J’lg. 2. Miorophotiomotric records of the ultraviolet aliHorption spoc^a of m-fluorotolueno. 
(a) Solid at -180“C. (b) Liquid at 30'’C. 

truni due to solidified 7 a-fluortolueiie at — ISO^C, there are bands due to vibrational 
transitions of excited state frequencies 685, 924 and 1246 cm~^ While the first 
frequency remains unaltered with change of state, the latter two correspond to 
the frequencies 966 and 1261 cin”^ observed in the vapour state. The fact that 
the first band due to solid state at — 18(F0 is displaced towards shorter waveleiiglhs 
from the position ef -the first band due to -the liquid state confirms the assignment 



Kelatl^ e absorption — > 
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indicated above, becauHe generally with solidifieatio]i and cooling of the cryutaly 
to — 18()°C, the 0,0 band ahifts towards shorter waveJeJigths, In the present 
case the 0,0 band at 110905 cni^^ due tt) the dimers slufis towards shorter ^^av(*- 
lengths with aohdilic alien of the liquid 

The assignment of the hands on both sides of tlie 0.0 band due to va]K)iii‘ 
state made by Cave and Thompson ( 1950) is confirmetl by Ihe fact that these bands 
disappear at low temperature. 

(c) p-lHuoroiolmnti (C„H 4 CHjjF) 

The analysis of the spectrum due to para compound in the vapour state Jiiade 
by Cave and Thompson (1950) shows the 0,0 band to be at IU)87fi cni"^ and the 
succeeding bands are assigned to jirogressions of excited state frecjueiicies 185, 
598, 584, 794, 843, 1014, 1194 and 1229 0111 "^. Tn the liquid state broail bands 
have been observed with the 0,0 band at 36517 ciii''^. Thus, there is a shift of 
the 0,0 band by 359 ciii"^ towards longer wavelengths on liquefaction of vapour. 
The succeeding bauds represent transitions coiTospondiiig to vibrational freipicn- 
cies 843 and 1230 cm“^ not different from the corresponding frequencies observed 
loj' the vapour state. 



t’ig, 3. Mici'uphotornetiic rocorja of ihe ultraviolet absorption spectra of ji-fluorotolueiio. 


(a) Kohd at — 180“C. 


(h) Liquid at 
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It irt evident from Fig. 3(a) and Table III that in the spectrum due to solid 
state at - 180”C, each strong band is accompanied by a weaker one on the longer 
wavelength side. The first weak band cannot be due to a ?;->0 transition, because 
the corresponding band due to transition is absent. Hence, it is concluded 
that there is a splitting of the bauds in the solid state. The distance between the 
components is observed to be 188 cm~^ and assignments of the bands have been 
made on the assumption that the excited electronic energy level is split up into 
twcj components with a separation of 188 cm~^. 

The excited state vibrational frequencies are observed to be 423, 834 and 
1206 car The new excited state frequency 423 cm does not seem to have 
been observed in the vapour state and the other two frequejxcies may cOTTespond 
to the frequencies 843 cm“^ and 1229 cm“^ observed ux the spectrum due to the 
vapour. The intense conix^onent of the 0,0 baixd is shifted towards shorter wavei 
lengths by 223 cm"i. 

A comparison of the sjiectra due to the va-pours of the f)rtho- and para diclxlo- \ 
benzene shows that the 0,0 band shifts to loixger wave lengths by about 450 cm“l \ 
with the change from the ortho to the jxara configuration. In the present case 
a similar shift of about 608 cm~' is observed wii-h the change from ortho to the para 
Xiosition of the fluorine atonx. When the vapour is liquefied the 0,0 band again 
shifts towards longer wavelengths by about 359 cm“^ while in the case of the ortho 
compound the shift with liquefaction of vapour is only 238 cm-^ Hence this 
larger shift in the case of the para compound may be due to formatiojx of dimers 
in the liquid state. ' 

In the case of o-chlorotolucixc, o- dichlorobenzcnc and w -dichlorobenzene 
(Swamy, 1952, 1953, Sen, 1957) each band was found to be sjilit up into three 
conipoiicnts, the central conqioneiil being the strongest. In the hjiectra of w- 
chlorotolnene (lS^^allly, 1952), o-bromo toluene (Swam}', 1953) and w-bromotolucnc 
(Sen, 1957) in the solid state the strongest of the three components is on the short 
wavelength side of the other tw^o components. In the case of ^-iluorotoluene also, 
the weaker component is on the longer waveleixgth side of the stronger component 
in each of the baixds. 

It has already been xjointed out by Sirkar and Misra (1959) that the so called 
Davydov s^ditting is not observed in the case of certain crystals owiixg jirobably 
to the fact that the contribution of only a few neighbours predonunates in the 
interaction of transition moments of neighbouring molecules on the energy of 
any jiartitjular molecule, and therefore, the oscillator strength determined with 
a largo number of molecules in the absorbing path cannot be used in this case. 
They also pointed out that Avhen the transition takes place in the field of the 
Iiermanent diiioles surrounding any molecule in the crystal there may be a split- 
ting of the bands. Probably in the case of ^-fluorotoluene also, the splitting is 
duo to the interaction of such dipoles on the electronic transition in the molecule. 
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TABLE III 

Absorption bands of jo-fluorotolucne in ibc liqxiid and solid states 


Vapour Liquid at SO'C. Solid at - ISO^X! 

Cavo & Thompson (11)50) 

(Prommont bands) 


V in om“^ 

Assigiuneiit 

V in L-in-i Assigtiiiiuid 

V m rill J 

AHsigiimont 

35720 

0-1150 




3603:2 

0-844 




36051 

0-825 




36235 

0-641 




36-i23 

0-453 




36,131) 

0-337 




36565 

0-311 




3065!) 

0-217 




30780 

0-90 




30H31 

0-40 


30552 (w) 





1H8 

36876 

0,0 

36517 (8,b) 0,0 

30740 (s) 

Ay 

301)60 

0-1 1S5-96 

37300 (s,b) 0 -1-843 

36975 (w) 

By 1 423 

3700J 

OH 584-453 

37747 (m,b) 0-1-1230 

37163 (in) 

Ay J 423 

37061 

0 -1- 1 85 

38200 (m,b) 0 | 843 v 2 

37386 (ni) 

By 1 834 

37175 

0-1-398-90 

38591 (w,b) 0 + 813-1 1230 

37568 (s) 

Ay 1 834 

3721S 

0 I-39S-40 

39135 (w,l») 0 1-843x2 

37758 (vv) 

By 1 1200 

37231 


-1 1230 

37948 (s) 

Ay-l-1200 

37274 

OH- 398 


38185 (w) 

By 1-123+1206 

37400 

0-1-584 


38368 (k) 

Ay-l 423H 1206 

37070 

OH- 794 

0 f 398 X 2 


38598 (w) 

By 1 834 1 1200 

37719 

0 1- 843 


38778 (h) 

A 0-1 834-1-1200 

37890 

0+1014 


38908 (w) 

Bo h 1200 X 2 

38070 

0-1-1194 


39157 (h) 

Ao-I- 1200 / 2 

38105 

0+1229 


39389 (w) 

BoH- 123+1200x2 




39570 (h) 

AoH-423H- 1206x2 




39790 (w) 

By I 834-1- 1206X2 




39989 (8) 

Ay-F 834 1 1206 X2 




40359 (in) 

Ay 1 1200 X 3 
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RAMAN SPECTRA OF ORTHO- AND PARACHLORO- 
ANISOLE IN THE SOLID STATE AT -180°C* 

KRISHNA KUMAR T)EB 

Optics Depahtment, Indian Ashociatjon tor the CJhltjvation or cience, Jadavpdii, 

Calcutta-32 

{Rec&n\ed,Fehruar\f 2, 1960) 

Plate III 

ABSTRACT. Thn Raman spectra of ortho- and paraohloroanisolc have boon studied 
in the liquid stato and in tho solid state at — ISO^C It has been observeil that in the case 
of iiarachloroanisolo the compononi-s of oaeh of the doublets 620 and 638 cm-> and 1084 and 
1096 em-i eoalesoo to form a single hno of Kamaii shift 640 oni-i in the former case and 
1603 cni“i in the latter case. When the liquid is solidified a now line .3026 cnri also a])poBrs 
in the spectrum. Besides those ohangos throe now lov fiequtmey Raman lines 60, 92 and 
1.32 em-i also appear with solidification of the liquid. 

Tn the ease of orthochloroanisolo no apjirociable chuiigeB take place in tho spectrum and 
no new low frequency linos appear with the solidification of the liquid. It has boon conoludod 
from these results that in the case of the ortho compound tho OCJI,} grouji is probably ohelatod 
to tho adjacent chlorine atom ami therefore tho formation o( associated groups is not possible 
in the solid state. ISuch groups are, however, formed whon the para oompoimd is solidified 
and tho new low frequency lines observed m this caso are attributed to such groups of mole- 
cules. 


rNTRODUC!TION 

Since the discovery of new low-freqneiicy Raman linos in the Raman spectra 
of .some substituted benzene compounds in the solid state by Gross and Vuks 
(1930) many workers have investigated the Raman spectra of a large number of 
such solidified benzene compounds at different temperatures (Sirkar, 1937; 
Mazumder, 1949, Ray, 1950a, b, 1951, 1962, Biswas, 1954, a, b,c, 1965a,b,c, 1956a; 
and others). It has been concluded by these workers from the results obtained 
by them that the low-frequency Raman lines originate from vibrations in small 
groups of molecules formed by the attachment of the individual molecules to 
neighbouring molecules through weak linkages and that these lines carmot be attri- 
buted either to angular oscillations of the molecules about their axes as suggested by 
Kastler and Rousset (1941 ) and by Bhagavantam (1941 ) or to translational lattice 
oscillation as suggested by Gross and Vuks (1936). Generally, halogen substituted 
benzene compounds yield strong low-frequency Raman lines in the solid state and 
it has been pointed out that the formation t)f wealAiteTmolecular bonds is more 
probable in such cases than in the molecules in which no such halogen atom 
♦Communicated by Prof. S. C, Sirkar. 
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ifl prcHont ae a subfiitituent. Jii certain disiibstituted benzene compounds, such ns 
chloropJienol, chloronnisole, etc., there is rotational freedom of the OH or OOHp 
group about the 0—0 bond, but the relative positions of the halogen atom and 
the other substituent have influence on such rotational freedom. It wo\ild be 
interesting to find out whether the formation, of intermolecidar linkages in the 
solid state and the consequent production of low-frequency Baman lines are in- 
fluenced by relative positions of the two substituents in such cases. As a prelimi- 
nary investigation of this problem, the Hainan spectra of ortho- and parachloro- 
ani^ole in the solid state at — 180"C have been studied and the results have been 
■compared with those for the liquids. 

KXPEBIMBNTAL 

I' 

The liquids were of chemically pure quality supplied by British Drug Hoiiie. 
They were further purified by distillation under reduced pressure. While record, 
ing the spectra due to the liquids a strong. eoniinuouK fluorescence in the visibl\t 
region was observed. Hence, to reduce the intensity of this fluorescence a seooiid.\ 
photograph of the spoctnira was taken in each case using Bhodamine 6 GBN 
filters which cut off 40461 group of mercury line.s. The fluorescence wm found 
to lie stronger in the case of orthochloroanisole than in the case of the para 
compouiwl. 

In order to record the Raman spectra of the compounds in the solid state 
attempt was mad© to obtain a homogeneous solid mass by cooling the liquid, 
slowly so that the stray liglit due to diffuse reflection from the inner portion of the 
solid could be reduced considerably. The experimental arrangement ni this case 
was the same as that used by Biswas (1964). The Raman spectra wei^e recorded on 
Ilford Zenith plates using a Fuess glass spectrograph giving a dispersion of about 
1] 1 in the region of 40461. The polarisation of the Raman lines duo to each t)f 
the compounds was also studied in the usual manner, hut in the case of the ortho 
compound a freshly prepared 5% NaNOg solution was used as a filter in ordei’ 
to avoid the continuous fluorescence in the regions from 4J16SA to 4916A, 

RESULTS AND PtSCUSSION 

The spectrograms are reproduced in Plate III. The Raman frequencies pf the 
lines are given in Tables I and IT. The frequencies reported for the Uqdms by 
previous workers are also included in the tables. The states of polarisation of the 
Raman lines due to the compounds are indicated in the respective tables by the 
usual symbols D{p ^ 6/7) and P{p <(^11), p being the depolarisation factof.^ ^ 

(a) Parachloroanisole : 

It can be seen from Table I and Figs. 1(a) and 1(b) that the following 
changes take place when this liquid is solidified and cooled to — 180“0. 
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PLATE 111 B 



Hig 3 

big. 3. (a) Raman spcclia of parachloioanisolc solid al ~ 1 BOX’, showing low- 
lrcL|iicncy lines 

(b ) orthochloroanisole solid at - 1 SO' C 
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T^ee'^ttew Kani^n linos with Raman sliifts 60, 92 and 132 uin’^^ appear in 
thoi^ectra due to the solid (Fig. 3a), the lino 92 cm"^ being the strongest . J’uj’ther, 
some* of the prominent Raman lines of the molecule undei'go changes in position 
and intensity with the solidification. The intensity of the doublet 625 cm“^ and 
638 cm“^ is reduced appreciably and the two lines coalesce to form a single line 
640 cm“^. The line 799 cm”^ shifts to 804 cm** and the lines 1584 cm-* and 1596 
cin“^ coalesce to form a single line at 1603 cm**. Finally, a new strong lino at 
3t>26 em~^ appears in the spectrum due to tlie solid. 

f The diminution ip the nuicnber of Raman lines with the solidification of 
the liquid may - be due to th6' fact that there exist in the liquid state two types 

. TABLE T 

. ^ ^ 'IParachloroanisole. Av m cm“* 


Liquid 


Solid at -- 1S0°(^ 


Mortz (1947) 

Proseni. author 

Pioannt authoi’ 

143 (3) ? 

160 (0) ? 

00 (3) 

92 (8h) 

132 (3) 

145 (3) 

212 (3) 

218 (lb) P 

226 (0) 

309 (4) 

313(3) P 

313 (2) 

336 (4) 

335 (4) D 

335 (1) 

,366 (5) 

367 (4) P 

367 (2) 

498 (1) 

626 (5) 

626 (5) P 

636 (6) 

638 (3b) P 

640 (1) 

698 (3) 

69.5 (0) D 

696 (0) 

797 (10) 

790 (10) P 

804 (10) 

829 (1) 

826 (0) P 


1006 (3) 

1005 (1) P 

1006 (1) 

1034 (1) 

1036 (0) P 


1091 (8) 

1091 (8) P 

1094 (3) 

1100 (1) 

1168 (3) 

1170 (4b) V 

1J69 (2) 

1181 (3) 

1182 (3) P 

1188 (1) 

1244 (3) 

1243 (3) P 

1250 (0) 

1292 (3) 

1293 (4b) P 

1290 (2) 

1404 (1) 

1440 (3) 

1443 (2) P 


1458 (3) 

14.59 (3b) P 

1468 (1) 

1492 (1) 

1680 (4) 

1584 (3) D 


1594 (7) 

1696 (6b) D 

1603 (5) 

2836 (4) 

2844 (4) P 

2844 (2) 

2937 (2) 

2938 (2) P 

2838 (1) 

3010 (1) 


3026 (5) 

3064 (6h) 

3064 (4b) P 

3064 (6) 

3075 (6b) 

3073 (6) P 

3078 (4) 
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of molecules, namely, mononierH and (limerB, the latter heing formed through 
weak intermoleciilar bonds hetwcoii two neighbouring molecules. When 
the liquid is solidified probably all the molecules are transformed into small 
groujJH of molecules formed by association, of the monomers and dimers through 
vii tual linkages. The fact that the lines 625 cm*’ and 638 em^^ change to a single 
lino 640 cm with the solidification of the liquid shows that these virtual linkages 
take place between Cl and H atoms of the two neighbouring molecules respectively. 
As an example of such small splitting of some of the Raman lines with formation 
of dimers, mention can be made of the change in the Raman spectra of the solu- 
tion of pyridine with dissolution in alcohol (Kastha, 1966). The spectra due to 
pure pyridine gives two Raman lines at 095 cm“^ and 1029 cin~^ of almost the same 
intensity, but when the liquid is dissolved in alcohol the former line becomes very 
weak. This is duo to the fact that the non-bonding electron of the N-atom of; 
pyridine forms a bond with the OH-grouj) of the neighbouring alcohol molecules. \ 
In the present case also of the two lines 625 cm and 638 cm h the first one may \ 
be due to the monomeis and the second one due to the dimers, and with siilidi- ^ 
filiation the former line disappears owing to formation of groups of molecules 
It is also found that a new line 3026 cm“^ is produced when the liquid is solidified. 
This shows that probably the H-atom attached to Iho benzene ring is resjionsibic 
for the formation of virtual linkages with the Cl-atom of the neighbouring mole- 
cules The disappearance of the line 1584 cm '^also loads to the conclusion that 
this line is due to monomers while the other line 1596 cm which persists in the 
solid state is due to the dimers. ^ 

(b) Orthnchloroanifioh : 

On examination of the Raman spectra of ortliochloroanisole in the liipiid 
and solid states (Figs. 2a and 2b) it is found that no appreciable change takes place 
in the spectunn when the liquid is solidified. Hence, the formation of dimers in 
the liquid is not observed in this case. This may be due to the fact that the 
Cl-atom, which is the reactive atom for the formation of the dimers, is chelated 
to the OCH3 groui), and therefore, it is no longer able to form a virtual bond 
with neighbouring molecules. 

Tables T and II and also Figs. 3a and 3b show that yi-chloroanisole produces 
three strong new low-frequency lines 6f), 92 and 132cm'"^ in the solid state at 
-"I80“C while the ortho compound under the same condition does not produce 
any new line in this region. It has already been pointed out that in the para 
compound groups of molecules arc formed while in the case of the ortho compound 
even in the solid state all the molecules remain as monomers. These facts show^ 
that the new linos in the low fi-equency region produced by the para compound 
in the solid state are due to groups of molecules Had these lines been duo to 
lattice vibrations they w^ould also be produced by the ortho compound. The 
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TABLE II 

Oilhoulilort>amso](3. Av in cm 


Liquiii 


Solul ul- — 1 80'X’ 


fferi/ (]946) 

Piost'ni uutlior 

Pj oHont aulhoi- 

]6U (fjbd) 

204 (31)) 

288 (1) 

160 (6b) TJ 

202 (4) 1) 

290 (2vb)J» 

165 (2b) 
202 (2b) 

410 (5b) 

444 (1) 

493 (0) 

407 (8) V 

440 (0) 

493 (8) J’ 

407 (2) 

493 (3) 

546 (0) 

576 (lb) 

685 (8) 

550 (0) V 

573 (3) D 

687 (8) 1* 

573 (Ob) 
692 (6) 

712(1) 

753 (lb) 

785 (1) 

708 (0) 1) 

756 (lb) D 


796 (7) 

844 (0) 

925 (0) 

798 ((.) P 

798 (8) 

995 (2) 

1025 (2) 

1041 (10) 

996 (J) 

1025 (1) J* 
1038 (10) P 

1038 (8)' 

1066 (1) 

1092 (1) 

1133 (1) 

1091 (0) 

1130 (1) 


1 162 (5) 

118.3 (3) 

1208 (0) 

1 164 (6) J) 
1181 (2d) P 

1164 (lb) 
1180 (0) 

1250 (6) 

1274 (2) 

1300 (3) 

1253 (5) P 
1271 (2) P 
1299 (3) P 

1267 (2) 

1302 (1) 

1360 (0) 

1436 (1) 

1463 (1) 

1162 (2) D 


1486 (2) 

1676 (5) 

1588 (5) 

1485 (3) P 
1576 (7) D 
1588 (7) D 

1484 (lb) 
1576 (3) 
1586 (3) 

2831 (2b) 

2948 (2) 

3004 (8) 

2833 (3b) P 
2948 (2b) P 

2833 (0) 

3068 (8) 

3071 (9vb)P 

3073 (6) 


3076 (7b) 

resulty thus lead to the conclusion that the low frequency lines arc due to vibra- 
tions in groui)S of molecules, 
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BOOK REVIEW 


NUCLEAR ELECTRONICS T (SESSJONS 1-5). .. ])]) 452 Beins tlie Proceed- 
ings of the International Symposium on Nuclear Eelcctronics organised by 
the French Society of Radioelectriciaus hold m Paris 1958. 

In September, 1958 the Frem'h Society of Radioelectricians organised a Col- 
loquium on Nuclear Electronics in Paris. The ]}nblicaiion undci' review is an 
edited version of the pa}jers and discussions of this Colhxpiinm j)ublislied by the 
International Atomic Energy Agency from Vienna. The major part of the papers 
and discussions in this Colloquium was divided into five sessions, throe of them 
devoted to scintillation counters and to fast counting tecliniques in the region 
of milli-micro seconds or less using jdiotomuhipliers. The fourth session was 
devoted mainly to pulse height and time analysers and the lilth to reactor instru- 
mentation and reactor control techniques. 

It is interesting to note that ])apers from many lands and different labora- 
tories show parallel developments in the field of scintillation counting t-echniques. 
The papers also reflect tin* general attitude that one is fast ajiproaehing the limit, 
of conventional electronic tubes in speed and pulse amplification. This jb demons- 
trated by the general search for techniques for the elimination of oi’dmary elec- 
tronic tubes in the achievement of improved measurements of fast pulses. The 
study of sciiitiJlatioii jirocesses in many phosphors is also discussed iii several 
papers as a prelude to attempts to use the fast initial compoiieiit of the light pulse. 

The field of pulse height and time analysers covered in the 4ih session describes 
current efforts in this field. The necessity of using fast pulses has given rise to 
a few techniques different from the c.ouveiitioual pulse height aiialysei’s which 
have proved uiisuitahle for very fast jnilses The topic is well covered iii a prelimi- 
nary review paper followed by several more or less detailed ('ontTibiitions on dil- 
ferent. schemes. The last gionp of jiapers on reactor instrumentation and control 
reflect mostly problems encountered in the. control and instrumentation ot the 
French Reactors and do not describe the teehni(jiies eonneeied with the operation 
control of the novel fast reactors involving more diflicnll problems of reactor 
control . 

It is inturosting to lind contri but ions on tJie use of digital comput or techniques 
and standardised transistor circuitry for reactor control. Tbeir greater reliability 
under radiation had been foreseen earlier and these techniques are likely to play 
an important role in future reaefor iustruraontation. 

253 



254 
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The IAEA venture of pulilishiiig proceedings of Symposia is, the reviewer 
feels, a timely and useful step in the dissemination of technical information and 
deserves our congratulations. The proceedings are well printed and the iUustra- 
tions arc clear and profuse. 

B, D. N. (J, 
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DETERMINATION OF THE ELASTIC CONSTANTS OF 
TETRAGONAL (4. 4, 4/ni) CRYSTALS FROM THE 
STUDY OF DIFFUSE X-RAY REFLECTIONS 

R.. SKIVAHTAVA and 8. (!. RHAKRAUOKTV 

Dei'aktment, Univkksitv ov ALi,Aii\HAi\ Aliahaum* 

{Jferni^rH, April 10 , 1000 ) 

ABSTRACT. Tlu^oinhc al I'oluiioiiHliips coniiorijiifr dilTuHoIy Hi’iitlcM'tMl X-iuv iiiton- 
KitieH from rryntalK witL Us olabtie i-onataTilH have been denvodfoi tetninuiml ciyHlivlH o( cJuhw'h 
4, 4 iui(l4^m. MotlKulaol evalualion of all the seven eliistn- rtmsLfinls for these types of eiysiiils 
li'Om a qimi)titutivo measui-einent of diffiiso X-ray seaiieiiii^ ha\e been dosinbed iiiul 

the I'eaulliK are beni^ used to tlolormme elastie eonRtuni.s of sinple (Mystuls ol ?enl,it-eiy(hntol 
(ToLratfonal 4) 

The elawtic propcrtieK oF tpt.i*agoiial cryHials beloji^iiig to llie point fijroiqiH 
4, <1 , 4/w arc defined by the nmirix (aecjordiug to tfic claKsieal tfieorv of elasticity) 

0,2 0,2 0 0 c , 

0 „ 0,2 <' " -0 

<•;);, <• •' •> 

0 „ 0 0 

C „ 0 

0 c ,„ 

wlicrc Cq, etc arc the clastic coiisiants of the cry,stal. 

The relations for the evaluation of the elastic constants of the tetragonal 
ciystalfi of more Nyinnietrieal point groii|)S (namely, 42, 42 iti, 4/mmni) from the 
intensity ]nea,surement ol thermal diffuse scatlerinir of X-rays, have been derived 
by Prasad and Wooster (1955) The intensity of diffuse X-ray scattering (Ist 
order only) from a small element of volume of the crystal along a line passing 
through a reciprocal lattice point {hkl) which is rcspoiisihlc for the diffuse scatter- 
ing, i,s proportional to the value of the expression K\uvw\}^^i (designated as rekha 
constant by Ramchaiidran and Wooster, 1951) 
where, 

K[avw\u ^ 2NLA \ 2LM A-\j^ 
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where Jj, M, N, are the direetion (‘OsiiLeH of tl)e rei ijiroc al latliee vectoi- with 
respeet t.(j the eiyHtal axes (tiie olaRtie axcH also eojiieide with the ei vstal axes 
for these eases) and r, w are tlie direetion eosines of the thermal wave veetor 
and A ete. are the elements ot the matrix inverse to the matrix A{j whose 
elements for tetrajLmnal ciystals (jf classes 42, 42m 4mm and 4/mmm are 
^iven liy 

^‘^22 =- 

4;h 1-'“) I 

4 a;] 44“r^ 

A.^^ - ! 

-•<12 I '■' 12 ) '\ 

J'rasad and Wooster have also indicated that lor veiy simjile and elementary', 
directions of t he recpirocal lattice veetor and the thermal wave vector, the values \ 
of K !</, r, depend on one or two elestic constaiils only, ncniseipiently, 

in ])rjn(,i]ile, all the clastic (-onstants can ho evaluated w ithout rhtficulty from 
the measwremonts ot the intensities of the dd'tiisely siaitteiinl X-rays alon^j; tln*se 
directions. Since -- --f’aji -/■ d ior the erystal classes vhieh have been dealt 
with in this pa])er (Avhereas - elasscvs considered (iv t’rasad 

and WooHt(‘i’) th(‘ valiK's of 7 a’| involve many elast ic constants ca (m foi 

simple ie(.i])rocal lattice vcctois and simple directions of thcimal A\ave vectors. 
Hence determination of all the clastic constants tiom X-ray measniements is 
apparently quite difficult, as will be CAodeiit from the succeediiij^ text where the 
relationships and the method to be applied in such cases have been deseribed. It. 
can be shoAvii that the elements of the matrix Ay for letra^nmal crystals ol' 
classes 4, ?, and 4/m arc given by . 

4ii -- 

^^33 ~ ^33*^’" 

'^‘13 “ I ^Vl) 

4 31 = y'U{(.\^ ) — 

Values of tlie K\uvw]f,f;i derived for the present cases for some reciprocal 
lattice points and some simple directions of propagation of the thermal waves 
are given in Table 1. 

It can bo seen from Table I that the constants and (^^33 can be determined 
independently from observations along TOf^lJ/ioo and [OOlJooz yielding the values 
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where A — + f C'ai) — (Cj4— Cisl-lCou-^C^ii] 



TABLE I [contd.) 
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of AjOOl Iaoo and ALtJ0lJp„/ rcypentividy. The value oi can also be evaluated 
from observations along |()01 | for dilferonl {hko) i’eci|)ro('al lattice noiles and also 
from A(010)y,j,. Furthei, the values nl (\^ and can be simultaneously obtained 
from observations along lOOl] for at least tvo diffcn'cnt {hoi) reciprtical lattice 
nodes. Since such determmed values of f and ( '3., are de])cn(lent on 1 w o observed 
A -values, its accuracy of determination is theoretically less than that mentioned 
at the beginning. Again, by substituting the value of in the observed value 
ofAfOOl], the value ol f (^aii be determined easily considering one (/m/) reei- 
liroeal lattice node only at a time. To increase the accui'acy of thus determined 
value of f 33, A\e are to choose a reciprocal lattice node lor ivhich the value ol L 
IS very low conifiared to that of A, i.e. a node whose I index is much higher t han 
its h index; in such conditnm the value of AlOOl h,,, ^ \ N'‘^(\y^\ will be 

guided primarily by the value of The value 0IW41 can Inither be deter- 

mined by eombmnig the observed value of AllOOh^,, xmHi A"|100l/,p„ and 7v|01()h„- 
with ALUlOl/^y^,. Altei natively, by substituting the value ol (\,y m 7v| 1001,,^,? 

(1 / f 

and A[()l()]/,„i, the values of and - . „ can be obtained 

-<^V) (< 

I'cspectiveJy Iroin which im* can get the ratio Jt will be seen further 

that solution of mine than one relation only gives the values of the ratio ol the 
constants (viz. etc.) and and cannot be detenmned indepen- 

dently and tliri'ctly.For clctermining the absolute valnes of these three cemstants, 
the method ol successive approximation suggestefl is as lollows : 

From the Table I, we have 


1 

AllOOh", 


- \ 

(1) 

1 

/fioiow,, 

( 

(\^ \ 

(:2) 

and 




A1 I()()Jm„ 

(D(\, 

r\i/A[oioj 

(iJ) 

Substituting the experimentally 

determined values ol l/AflOOhoo 

and 


1/A1010]aoo for and respectively in the relation (3), we can thus get some 
value for (\q. Let us now substitute in relation (1) this value of along with 
the experimentally determined value of 1 /A[()10] lor We thus get some value 

for f/'jj. These values of and C\^ may be substituted m the relation (2) to give 
a better value for These values of (\i and can now be substituted in 

relation (3) to yield a better value for C'lg. This value for f7jg and (J^f^ on substi- 
tution m relation (1) gives a better value for C'n and so on. We can in this way go 
on repeating the process again and again till further refinements do not change 
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the values of f ',,, f and f The smaller the value ol as com]jaie(l to 
and t}ie I(!Hser would h(‘ the iminher of repetitious needed It should be fo- 
1‘ernarJced that this method tif suecessivi' approximation does not assume anvth- 
iiif^ rcfrardingi he relative values of t.he eonstants involved Ac tually a nuiiierie.a-l 
example- assuming tentatively — '’R'm ~~ ^^\r, recpiirecl about four repeti- 
tions whereas in another exainple in which (\i -- about eif^lit 

lepetitions were found to suffice In fact the const aid relates an external 
stress to slmar strain, therefore it would be expc'cted tor most of the eases to 
be smaller than the constants f'55, fg,. which 1 elate a sheai si 1 ess io a shear 
strain in the same plane and considerably smaller than the constants T,,, 
f'.,;, winch relate an exteiitional stioss to a colinmar exi-entional strain So iii 
gjeneral not many re])etitious will be recpiired loi inciting the coneet value, ol 
6\], C'flQ, and • Suite wo are to use thrco observational intensities (‘aeh df 
which dcjiends on these constants iianuiv, f',sn aniW tlic values of 

^«u> ^'i« be theoretieally less accurate t Kan the values of the constants 
and f '33 which have been derived from intensities dejicmdin^f on one constant 
only But in jiraelic-al cases, the dcterniination 'of a particular elastic constant 
derived by usiiifr different value of A^|i/, r, K^\nh docs not 

ajjprceiably reduce the accuracy of its determination. Once we obtain tbc' 
absolute values ot the constants and h_v substitntmi; the value of t'j, 
in the ratio whicii is obtained from differemt source's (as mentioned 

earlier), the value of t'„,| can be determined or vic;e versa, Thc' eonstaul t',,j 
with propiw sign can also be evalualcHl from Ibe obstwved value ol • 

"'■[ d’ V2’'‘ L 

y- i y2 

wiien the vahms of t',, and f g,, are siilistituted there Similarly from obsei vatioiis 

-'‘1 ^2’"’ v' 2L'‘' '^[ y2’'’’-y2]„.,.- 


_ _ _ — 

I n 'll B(i i' 

•y/ 2 I ho(i 


one obtains the value of tlic ratio 




which, wiieii the values of 6^^, o.. and 6\(, are substituted, gives the 

value of with jiroper sign. Again, if wo' substitute the values of 0 ^^ 
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and in tho t»})served values of /v | \ , 0 , ^ 1 I{\ , 0 , * 1 

L y' - v'“ ■“ L 2 ^/'Z J o«/ 

\ d, V. . «nid K [ (►, ] (‘aeli of yives a. secioiul 

L V- V'^ 'I'oo L \/^ \/^ J ooi ^ 

decree (*((uatioji m j and relaiii only ilie positive value of the soliitioji iindi^i (lie 
snrd, the value of the eoiiatant e,aii l>e exaluated with pidper si^u. ^Plic reuiaiii- 

iutj; eonstaiil (\,, (iin he, deteriniiual Iroin the ohseivi'd va, lues of A' [ ^ , * ol 

l\r2 \/Z \hn, 

M.ud K 1 \ t), — 1 or A’ I - \ , 0, I (‘ai‘h of whieh eives a 

se( Olid (h'pee ecpiatioJi m on suhsiitiitioii ol' tlie values of f'l, and T,,,; 
relamiiie only the positive values oi the solid loti under the sui'd (\, with projier 
sipi eau be evaluated. Other mine complex dueetions ol ohservat ions e, an be 
Taken tor xvhicli K values depend on eoinbiu.it ion with tlie othei constants 

and (\, (’an lie evaluated fi’oin those ex])resHions just jiroeeediuf^ in th(‘ sauie 
inaimei as liefoie, 

d''he lelations derived and the nietliod ol evaluation ol the elastic const ants 
iudicat(‘d nbov(‘ are beinjr nsi^d foi the detenuinal ion ot tlu’ seven (dasiu constants 
1^*10 ^',ri* ^’ic) of crystals ol reiitaerytlirilol (l*oint Oroiip 4) 

using the pliotogiaphio method as develojied by t’hakraliorty and Sen (lt)5H) 
and the coiiijileti' exjiei'iiiiental results will be iniblislunl ui lU'ai tiiture 

,\ (' K>^ OAV L VlLUl M K K TS 
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SPLITTING OF NEUTRON ENERGY LEVELS DUE TO 
SPIN-ORBIT COUPLING 

AaUNDHATI OHOHH 

J)l']l*AKTMJCNT OI-' TlllOnilKTK I’HYHir.S 

Indian Ahhomatkin i-od tuu Ciiltivatjon dj-' Scifni t: .Iadavfi'k 
Oai.imitta-Hi* 

{Jtrren'eif, A)f)rtl 4, I Olid) 

ABSTRACT. JJup to llio .spin-iuhil iiilcMiictjoii the .suliltiiig of Ilu* Jovnl-^i of 

iimitronH moving in the iiotoTitm] V ~ ]^(r) ! a ^ I !■'< I’aleulalod [oi i)-stiil(‘K 

JV1“G'2 1 dr 1 

i'oi' atoinu; mitHs 200. Tho effect o( the 8pin-oi hit ooiipl mg ih cnlcuhitoLniy itie |iortnrl)atiUu 
method with the Dnjiofturfietl wu\ e funetioiiR «R obtained fiy (fliosh and Sil (m eonr.se of 
inihliniition) by the h'chriKiiie of Jainc/.os. 

For the cal dilation of energy levels of neutrons moving in the nueleus 
\vc elioosc the nuelear ])otcntial as of the form 


V - K(r) + a 


fe- 


\ 

o- . / 

r dr 


whore V(r) - - Vq\]~\- ^ and a — 

'J’he oonstant a is tlie same as taken by Fermi (1954) for polarization of high energv 

protons seattcrod by nuelei. The operator ir ./ in the above cxpiession (*an be 
replaced by its eigen values (of Mayer and Jensen. 1955). Thus 


no'i 


1 


^ I 
r dr 


for;/ — /-j-J 


=. V{r) - a 


Ji ^ 

MKf<^ r 




Wc shall consider the splitting of the energy lev;els due to the spin-orbit coupling 
term by the usual perturbation method; to obtain the unperturbed solutions, 
we neglect this term m the Schrodinger equation and solve it by a method due to 
Lanezos (1934). This procedure is previously (Chosh and Sil, 1960) adopted 
in obtaining the single particle bound states of neutrons moving in the 
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potential ^ The Heparatioii of the per tiivhod state 

from the miporturbed level is given by 

— J* iJ/^lltJ/dT 

when U rcpresenlK the perturhation and ijr is the uiipeiturhefl wave fuuetioii 
(normalized) 

— ^ * 

Since the operator a . I in the perturbation has been replaced by its eigen 

values we need consider only the radial part ol the integral The range of the 

above integration is sjilit up into four regions which arc as follows . 7.0 <r ^ 

— E - a logs ^ ^ ilJ- E ^ r ^ — H-\-a log^ 9 and JV. 

rjj ^ r - J or. The limits of and are so chosen that the nuclear potential 

drops respectively to 9/10 and 1/10 of its value at t — 0 

The unperturbed wave funotions of the neutron in the foin legions arc : 

i/fi jiiyx) 

iJ/jj F^((i) ! A*e -n''^ F (q)] 

tJfjjj F^{p)-\-A e-^-^F-{p)\ 

X 

and 'l^iv ~ {ikx) 

where Jj and hi arc respectively the spherical Bessel and Hankel function of order 
I, F'^ are polynomials in p or g, further 

p ^ \ {deMi-o/a __ j) 

H 

^ = .1 - ]) 


r 

J 

> 

II 

y' - 

where A’-* 

— V 0- 
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= Ic^ -p 
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The constants A, A*, A+, A~ and (J of the unperturbed wave fiiiictioiis are deter- 
mined by the usual matching of fjfj, and their derivatives at r — r^, ^jr^i , ijrjy 
and their derivatives at r — and finally i/ajj , and their derivatives at 
r M . Since the spin-orbit interaction is only a surface effect, in this pai)er 
v'e have evaluated the perturbation integral only in the tw'o short ranges to R 
and R to rg near the boundary. Tn these two short ranges we have evaluated the 
integral jiumcrically applying Simpsons rule 

The j)arameter8 in the central part of the potential arc Fq -- 52 Mev, 
iiJ — (1.15v4^''®+fi-4)10-^“cm, — 0.57 X cm. The calculated values of the 

sejiaration of the levels for j — 1/2 and j ^ 3/2 for atomic mass 200 are shown 
in Tabic J . 


TABLE I \ 

Separation between the 
State Htateay ^ 1/2 and ^==3/2 

Ip 0 ttftMeV 

2p 0.70 MoV 

3p 0.83 MeV 


in conclusion we may mention that for atomic mass 208 Ross eluL (1956) have 
obtained a separation of nearly 0.9 Mev. between and 3jpj/j, states. In our 
case for A — 200 we have obtained a separation of O.S MeV. 
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SPACE GROUPS OF CRYSTALS OF ORTHO, META AND 
PARAXYLENE AT 180'“C* 

S. (J BISWAS 

Ol'TK's Dki'autmmnt. Indfan Associ \tion FOji TUK (Vi/rivvnojs on S( iknfic, 

(liereived, M<nj fi, 7JM50) 

J’late IV 

ABSTRACT 'J'lio DcbyFi-SrlMM’ivr ]mt.torii,s of o-xylono, y^f-xylctir and j>-\ylnno IVozoii 
and ooolod to — J80"C have hoeii p)iotof7ia]>hed and analyHiul I'ho ariiilyMiH has pivon tlin 
unit oell (limoiiHiouH wlia-h oxplaiii all llu* rcflorhonK. Tbo tlonsition ot Ibo .siil)HlariooH hiivo 
boon detorinmod and havo boon found to bo 1.032, 1 030 and I.OOb pin rospoflivoly toi 
(ho orliho', niota- and para ('(unpound. From tlioKO data tho spacu' proiii) luin boon louinl in 
(uiob ciiHO Tho crywtalH of o-xylono belonp to tho orthorboinbjf- Hynlorn with u H.77. 
b J0.20 and t ~ 14,55 A, The mimboi* of moloculoH ])oi‘ unit ooll ifs K and (ho spare pjoiip 
m Pmmm Tho orystals of j»,-xvlono also bolonp to tho orthorboiubu systom 'fho diinon* 
sionH of iho unit toll nro o - 7,77, b - 8.45, o - 10.47 A Tho ninnbor ol luolooulos jioi 
unil^ roll IK 4 Tho Rpaoo group iR ^*21212 TJio oiystals ol 7 >-vylono belong to f)io niono- 
ohnio syRtoni w'lth ri - - 7 50, b — 8.45, t* --- 11.11 A, // ■ 08"“ 57'. Tbo ninnbor oJ inoltM5ul('.K 
])or unit ooll IS 4. 'fho .sjiaoo gi*oiip ih P'lifni 

1 N T K (> D U (5 T I () N 

Tn oontiiiuation of the previous work on the analy,sis ot the Deliye-ScheTTer 
patterns of crystals of toluene (Biswas and iSirkar, 1957), ])yrifline (Biswas, J95S), 
chlorobenzene atid broinohcnzene (Biswas, 195H) and J , It, 5-trichlorobenzene 
(Biswas, 1959) the present investigation was undertaken to study tho Dohye- 
iSohcrrer patterns ol o-xylenc, m-xyleno and yi-xyleiie ui the frozen slate at — 1 80‘'(J 
to find out the dimensions of the unit cell, riuiiihcr of molecules per unit cell and 
the space group. Such data throw much light on the inliuence of intermolecular 
field on the individual molecules and arc helpful in understanding the changes 
which take place in the elecdromc spectra of these molecules with the change from 
the liquid to the solid state. 

EX F F KiMENT A J. 

The chemicals o-xyleiie. ?7?.-xyleTie and ji-xylcne used in the investigation 
were of chemically pure quality supplied by Fisher and 0f>., Debye-Hcherrer 
patterns of the substances were taken with a low-tempcrature camera ol 
special design discussed earlier (Biswas, 1958), The radius of the camera was 
derived from the Debye-Scherrer pattern ol Ai powder, and it wa.s found to be 
* Coiiiiiiiinical'Cfl by Prof S C Sn'kar. 
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4.50 cm. The Bpecimeii in the form of liquid was introducedi in a Lindeman^ glass 
capillary tube of bore O.Smra and frozen with liquid oxygen. A Seifert X-ray 
tube runnuig at 32 Kv and 26 mA was used to photograph the patterns. An 
exposure of three and a half hours w'as sufficient to record the pattern mih 
appropriate density, using Cu K„ radiation. The densities of the frozen subs^tances 
at — IHO^’C were measured by the method described earlier (Biswas and Sirkar, 
1957). For the ortho variety the density was found to be 1 .030 gm cm' ®, for the 
para compound 1.006 gm cm^®, and for the meta compound 1 .030 gm cm.-®. 

.RESULTS AND DISCUSSION 
(a) Meta-xylene at --I80°f-' : 

>1 

The T)ebye-»Scherrer pattern is reproduced in Fig. 1, Plate IV. In tie 
determination of unit cell dimensions of ortho, meta and para xylene from the 
Debye-Scherrer patterns, Lipson’s method (Lipson, 1949) was first tried an^ 
when this method showed the lattice to be other than orthorhombic, Tto'ri 
method (Ito, 1950) was applied. The patterns could not be assigned to any lattice 
having a symmetry higher than that of the orthorhombic. 

The values of 8in®6> for the rings in the Debye-Scherrer pattern due to w-xylene 
crystals are given in column 1 of Table I, and ^vith these values the difference 
diagram was drawn according to Lipson’s method. It was found from the diagram 
that the determination of the values of A, B, C from the equation 

0 

Sin®6>-- Ah®-fBk®H-Cl® ... (1) 

(A=:A®/4a®. B = A®/46® C == A®/4 c2). 

was quite easy and all the rings could be indexed quite satisfactorily. The 
values of A, B, C determined in this way are A — .0098, B — .0083 and 
C —.0054. The axial lengths calculated from these values of A, B, C are : 
a — 7.77, h = 8.46, c — 10.47 A. The values of sin*^ calculated with these 
axial lengths, the intensities of the Debye— Scherrer rings, the spacings and 
the indices are given in Tablel, and it can be seen that the discrepancies between 
the calculated and observed values lie within the experimental error, 

With these values of the dimensions of the unit cell and the value of the density 
determined in this investigation the number of m olecules ""per unit cell was 
calculated and found to be 4. 

The conditions limiting possible refiections indicated by Table X are 

hkl y 

hko 

hoi ’ 
oko _ 


No condition h>o \h = 2n 
ool : I 2n 
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PLATE IV 



Fig. I , Dcbye-Schcrrer pattern of frozen /n-xylcne at - 1 80 C 
Fig. 2 (a). Fibre like pallein of frozen o-xylene at-180'C 
Fig. 2 (b). Dcbye-Schcrrer pattern of frozen o-xylcnc at-180'C 
Fig. 3 Debye-ScheiTCi pattern of frozen p-xyJcnc at - 1 80'C 
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TABLE I 

w-Xylene at 


am 

(observed) 

Hin 

(oalculatfld) 

SpacmgH (A) 
(observod) 

Tndico 

.U083 (a) 

,0083 

8 45 

010 

.0137 (H) 

.0137 

6.58 

on 

.0184 (vAv) 

.0181 

5 68 

110 

,0215 (ni) 

0216 

5 24 

002 

.0230 (m) 

. 023.5 

.5.02 

111 

.0302 (m) 

. 0299 

4.43 

012. 

, 0330 (w) 

.0332 

4.24 

020 

.0.302 ( h ) 

.0392 

3.89 

200 


.0397 


112 

.0478 (m) 

.0475 


210 


0484 


121 

.0530 (w) 

.0529 

3.34 

211 

.0.747 (w) 

.0.548 

3.25 

022 

.0006 (m) 

.0608 

3 13 

202 

.0648 (vw) 

.0646 

3 02 

122 

.0760 (vw) 

.0747 

2 81 

030 

.0801 (m) 

.0801 

2.72 

031 

.0865 (m) 

.0864 

2.02 

004 

. 0938 (vw) 

. 0036 

2. .52 

301 


. 0040 


222 

. 1020 (vw) 

1010 

2,41 

311 

.1170 (w) 

.1173 

2.20 

231 

. 1290 (w) 

.1294 

2.14 

124 

. 1332 (m) 

.1328 

2.11 

040 


.1339 


214 

. 1430 (w) 

.1430 

2.04 

322 

.1433 


015 

. 1484 (w) 

,1480 

2.00 

141 

.1427 (w) 

.1430 

1.97 

116 

. 1672 (vw) 

.1568 

1.94 

400 

.1746 (m) 

V .1746 

1.84 

304 
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Mince the- cryKial helniigH to the orthorhombic Bj^Htoin and the nnil cell contains 
inolei nles, tlio crystal belongs to the spaio group r2i 2^ or D./ 

Jt can be seen from the above diseiissioiis that the number of inolcenles 
111 the unit (ell is the- same as that recjuircd m the ease of asymmetric molecules 
The molecule may have either a ])lane of reflection perpcndioiilar to its plane 
or a two fold axis in its own filane The 7 ilane cannot be utilised in the space 
group mentioned above and it is evident that the two-fold axis, it d is 
actually ])oss(iKse-d by the molcenle, does not coincide with anv of the crystallu- 
grajihic axes 

(h) Ortho-xiihiu' at ISO'Y' 

One ot the many Debye-Scherrer yiatleins ^ihotogi aphed toi (rozcn o-xylene 
was round to he analogous to a pattcnn due to a libre while the other photogiaji^^hs 
showed continuous rings Kigs 2(a) and 2(b) ^date 111 show these two tyjies \»t 
photogiaiihs. 'the loriner t y])e helped the correct assignment of the indices 

IjJ])sou’s method applied in this ease also indioated the lattice to be oithoi- 
hombic It was found, however, that while two of the axial lengths were idimticiil 
with those for the 'm-xylene lattice, the primitive translation along the third axis 
had to be taken as almost doubles that foi the meta compound in orrhu' to index 
all the rellectioiis in tlu' ])owder pattern 

The values ot sin^^^ ohsei ved m the])attern and those ealcu luted Irom the values 
ol A, B, (/ (hderniined trom the diffeicnee diagram, the sjiaemgs and 'the indices 
arc given in Table TT. It can be easily seen Irom Table* fl that the agreement 
be-twoen the observed and the calculated values of nh'rO is vm y satisl'actoiy 
The correetiu^KH of the indices has been veriflcMl by examining the positions ol 
the maxima m the rings due to the fibrous specimen | Fig 2(b) j The valu(;s of 
A, B, (' ill this ease aie A — .0028, B .0077, (' -= .0057. from Avhieh the dimen- 
sions of the unit cell have b(‘en ealeiilated and lound to be a ~ 14 55, h ^ 10 20 

and (' ---- S 77 A, 

From the value of the density menlioned earlier and the axial lengths given 
above the number of molecules per unit cell Avas calculated and found to be S 
The values ol sin“^y and the induics of the eoi responding jilaiies given in Table II 
show' that there IS no restriction limiting any reflection So, the space grou^i 
assigned to the crystal is Pmmni or 

The moleeiile of o-xyleiie may have a jilano of reflei tion perjiendieular to the 
plane of the moleeule and a tw o-fold axis in the plane of the molecule it the two 
CH., grou])S m the moleeule form mirror images of Cftch other in a vertical plane 
between them owdug to their mutual orientation produced by stcrie lepulsion 
If the plane w ere parallel to any of the crystallographic plane the number ol 
molecules per unit cell would be reduced to 4, but aetually the number is S. 
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H-PJioc the ])laue of tho luolpculo is im-liiied to the ei vHtiillomajjhie ,ixis foniimt; 
a eoiujilieated struetiiie. 


TABLI^ II 

o-XyleJie at ISO (' 


Hill-! e 

Kiri" 0 

SpapiiiKM (A) 

lmlu'(‘s 

(otiHrrvtul) 

(calciilalril) 

(obsvi vimI) 


()()7(i (ms) 

0077 

s 8:1 

100 

(M)H(i (Ills) 

0085 

s ;io 

on 

01 !:» (v\^) 

0111 

7 28 

002 

.0I(i2 (v^^) 

.0102 

0 09 

1 1 1 

0170 (\k) 

OIOS 

1 90 

012 

022K (s) 

.0228 

7. 10 

020 

024S (s) 

0245 

1 89 

112 

.0250 


003 

.0:110 (vs) 

.o;ios 

4 37 

200 

.0;i38 (AS) 

o;i:i() 

4 19 

201 


0339 


022 

.0442 (h) 

044.5 

3.00 

UO-I 

,0.17H (h) 

0470 

3 .7 2 

212 

.or)07 (ill) 

0502 

:i 12 

014 

.0512 


300 

.or)74 (ill) 

0.579 

3 21 

114 

.0044 (av) 

.0040 

3 03 

222 

0724 (vv') 

.0721 

2.80 

.101 

.0812 (s) 

0810 

2 70 

214 

0860 (av) 

0802 

2 02 

:JI2 

.0910 (aw) 

.0914 

2 .74 

040 

.10:i4 (ms) 

.1033 

2 40 

:122 

1035 


i:i4 

.1174 (ms) 

1171 

2 2.5 

323 

1314 (iriH) 

1310 

2.12 

206 

.1438 (VH) 

.1434 

2.03 

144 

. 1 695 (vB) 

1591 

1.93 

136 

.1778 (vs) 

1780 

1 83 

008 

.1773 


431 

. 1 835 (Av) 

.1837 

1 80 

OIK 

.2012 (Av) 

2008 

1.72 

028 

2010 


511 

.2048 (av) 

. 2050 

1.70 

344 

.2408 (a^av) 

.2403 

1.57 

523 
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(c) paraxylcix; at 

Tho Di^l)yc'-S('ii error ])atterri js reproduced in Fig. 3, Plato T. In (ieterinin- 
iiig the dnitonsions of the niiil cell of the para compound it was noticed that the 
difieronce diagram did not yield sufficient number of constant differeii(‘es. Hence 
lio's method (Fto, 11)50) was applied to index the pattern 

111 order to select tlie axial lengths a*. />*, r* of the reciprocal unit (‘,ell it was 
oliserved that all the sjiacings of the planes hoo, oko, onl with k, I even observed 
111 the case of the m-xylene crystal were also yiresent in the Debye-Scheii er ])attern 
due to the para compound. These refiectioiis were lirst utilised in selecting the 
values of a*, h*, r* The values are ■ 

-iM^ion - 'A^-oio 

Til ordei to seleci the reciprocal (jell angles a*, //*, y*, (hfeo), {hnl) and 
reflections were caielully exaniined and it was observed that some {hko) arid 
{o/cl) reflections were yiresimt if the angles a* /\b* and b* /\c* were talcen to be 
90‘ , and the angle a* /\c* was calculated by studying some pairs of {hot) and [hot) 
reflections according to the e(|uat]on 

,os/y* iA?!w (o. 

where is the spacing in the direct lattice 

Thus the recijinujal cell-dimensions were calculated and found to*h(‘ 


a* ^ 091 1 

OL* 

- 90^ 

h* = .1174 

/i* 

- 81"; 

r* 1.339 

7* - 

- 90" 


With tliese values of the cell diinensions all the reflections in tin* yiowdei 
pattern of the yiara xylene crystals were indexed according to the equation 

1 ld%, - Pc*^-J^2hla*r* cos /i* . . (;i) 

and the agreeincnt was found to be satisfactory. The values observed from 

the photograph and those calculated with the help of Hqn.(3), the iiitcnsities, 
and the indices are given m Table ITT I’he real cell corresponding to the reci- 
procal cell defines a lattice which is definitelj'^ the lattice of the crystal. The 
dimensions of the cell are 

a — 7.50 A 
b = 8.45 A 
c -= 11.11 A 

fi = 
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TAHhh: in 

^j-Xyloii(" ill ISO'X^ 


l/rf^ 


liuiim's 

(olihim vi'.U) 

(riilfulal ml) 


.U2-24 (\u) 

0227 

loi 


0221 

1 10 

(KlUI (s) 

0301 

101 

(m) 

0332 

200 

.0:ui<) (w) 

0363 

1 1 1 

(M37 (ill) 

0436 

2(il 


0439 

1 1 I 

.(M7U (M 

0470 

210 

.O.’i.iO (\.s) 

0772 

020 

.U72() (\s) 

0722 

002 

()7:iU (w) 

0732 

021 


0729 

102 

OS 13 (^^) 

OS 13 

301 

.OSHd (\^) 

0SS4 

220 


0887 

310 


OSS 1 

102 

OMOO (\s) 

0902 

202 

0004 (w) 

0998 

221 

1032 (w) 

. 1031 

301 

1 Ills (-.) 

1 140 

221 

1204 (w) 

1206 

202 

.1242 (s) 

.1241 

302 

i:t24 (ni) 

.1328 

400 

20(i(i (h) 

2067 

701 


2060 

303 

220S ) 

2208 

040 


.2212 

421 


2213 

.710 


2207 

023 


22 1 7 

203 

2432 (v\v) 

2433 

111 

2,79.7 (v\v) 

. 2793 

.71 1 

27.70 (vw) 

2744 

30.3 

. 2927 (s) 

2930 

012 

,31 Hi (vw) 

31 10 

212 


3126 

610 

3447 (vw) 

3440 

024 

3608 (w) 

. 3608 

401 

:{H3() (w) 

, 3834 

113 


it has to hv found out vvhothcr this t-cll can he rcduuod tnrlluT 

3-a 
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JjL‘ 1 the piijnilive rell in tlu‘ direct luittico have edges n, h, c written in order 
of increasing dinicnsiojis, eorrespondmg to reciprocal lattice obtained from 
Ilo’s method. Every translation t in the real lattice can he written in the 
foini 


t - tia \ vb-\ (vc 

where u, v, w are integei.s, ])o,sitive oi negative. 'Flic jnohlein of finding out 
the redne-ed cell is simply that of finding three Hhorte,st non-coplanar I'h with 
the values of n, h, c determined from a*, b*, c* and /f*. Thest* three t'a then he- 
c()me the edges of the reilueed cell This can he easily doin', iiy com]uitation aflcM 
assigning differiMit values to //, v, w, both iiositive and negative, and it has been 
found that the arbitrary cell itself, initially chosen for indexing the pattern, is 
the reduced cell. Again, since the edges of a reduced face of a unit cell in ^hc 
diieid lattice aie the shortest translations of the net, they aie shorter than eith'ici 
of the two diagonals of the cell, Eor this reason the projection of either of the 
cell edges on the other cannot be grcaiei than half the other edge (Bu(*rg(‘i, 
h)r)7). As a consequence ol this it. follows that in a lediiced [ilane i-ell. 


a cos y 1 

! 

< 

h 

2 

and 

1 b cos y 

<1 


ah cos y 

1 

1 

h'^ 

2 

and 

1 ah cos y 

\<f 

• 


'riiese relations also ap[)ly to the reduced three-dimensional e(*ll 

'The SIX scalar products a ■ a, b- b, c- c, b- c, c- a, a- b have lieen taken as 
ail exact representation of the tell, siiiec the six parameters (i, h, c, a, /J, y can 
readily be derived from them Eoi the purpexse of identification, th(‘se six scalai 
products are se,t. down in a form of rectangular matrix to represcuit the lefluced 
cell as fol low's 


(a- a 

b. b 

c c \ 


( 

''’‘22 

’■•■.1:1 \ 

\b. c 

c- a 

a.bl 


\ '^23 


■h2 / 


Mat rix representation of the direct cell of ^-xylene crystal is found to he 
/ 57.15 71.42 J23 40 \ 

) ... ( 7 ) 

\ ().(H1 -12.92 0.(K) / 

From representation (7) it can be seen that a- c is less than either J a- 6 
or I b- b- -Hence according to (5) no further reduction is possible. From (7) 
it can also be seen that ^ ^22 ^ regarded as negative 

(90“ is regarded as obtuse angle for the purpose of identification) the standard cell 
is a primitive monocliiiic one as indicated by Azaroff and Bnerger (1958). With 
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the valuc'B of llio (limoiisioiis of the unit cell j^iveii eurlirr and ttie density of the 
suhstance at — lS(t"C dcUnnhned expeiiiuentally the nuiuhei of nioleeules per 
unit eell has heen ealeiilatcd and tound to he 4 

The conditions liinitinir possible reftections for yj-xylene crystals are 

hid No condition 
h(d No conctitiou 
oA*f> k '111 

So the space ^loiip lias been assigned to the crystal 

'rill' 71-xylene nioleiMile inav have a plane of syninietiy ])ei pendiciilar to the 
})lciiie ot the nndecule and alw* a tent.re td symmeti v with the t\io (dl;, groups 
firiented 111 a particular way. As regaids the [ilane ol 1 ejection this [larticular 
sjiace gJou]> cannot utilise* the syniinetry eleuient as in that case t he number of 
molecules vi’ould fx* reduced to two Again the contribution of tlie hyelrogen 
atom in X-ray seattenng is almost negligible Therefore, the centrt* of symmi’-try 
(oiilcl have lieeii utilised b^ the molecule to form the lattiie and in that ease the 
'lumber ot moleeules pei unit cell would be 2 Actually, houever, tlie unit eell 
contains 4 moJeciiles Hence it ap])ears that the molecule does not possess the 
centre ol symmeti v in the solid stat.e at lSd’(b 

A V. Iv N 0 b E 1) (; M E N T S 
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ULTRASONIC VELOCITY IN SUPERCOOLED LIQUIDS 

S PARTHASARATHY ani. N, BINDAL 

Na'I'jomm. Phyhk ai. IaVuokatokv (»t<' Tnui\ Nkw Driin, Ivm.v 
^ {Iterrii't'd. fi'ehruauf -I, IDIIU) 

ABSTRACT. Vdlouiv uhraHoiiK wuvw Juis bccai sUuIkmI daim h rmim* oF 1 ('iui)(‘tii 
Itirc'H iiiio till) f3ii)nu'cool(Ml ii^^'ion jji fivo iK/nids. viz , 1hvin<»l. jihi'nnl, sjilol, hrri/o- 

uluuiono, Jiml diplicnyliuiuiu'. 

li IH oliHinvrd Uiul IK(' corlfifinni ol vHocilv ^ jr (<lr!dt), ilnrs nol icintiiti 

tJio Hftino on ojihoi Hide of tho nirltmg pomts in I-hyiuol and borv/oplioiu no- Saiol, diplu'nyJa- 
inino and bon/ojihonouc hIiow a stimll nbriipi t-liango m vnloc-ity^valurh as Ibr nullmf!; pm^ii 
js 1 -i'OH‘jnd. TIioho cUaiiRCH air al-iiibutod to possdili' Kirncluial (luin|j:oH I'lu ounli lod ilunbt? 
iUiiiHition from Mm liijuid to ilu‘ Muin'i-Looled stuto, wlnoJi inusi ])o uHSociatiM) willi Mn- 
pondiiiK (ilmngo ol adiutialic foinpiTHsibilily. J’lioiiol dot-s not show any dibioidinudy and 
Mio RiwJioiit J.S airto 1>vc Miinu- ovoi ilu* wholo i-anm' Ah ])1icik)J ih bi^ddy Uy(j;roMcopi( d is 
Idtoly to bi inixod with coitain Jiniount ol viatci nod inow'niuably Mu’ iiunomo oi wnlci 
inasUs ibi* small yaiiation in tompiTaturo ^ladioid il any 

I NT KO DIM'T I ON 

Th(‘ cliaruol/erislic bcliavjoiir of many Ikiui tl k hi paHH]Ji<i fiom the noniial 
.state to supercooled state lias been studied \uth respoil to the vhitoils physical 
properties siieh as visoosity ((Dodd and Hu,->J940) diclectTic constant (Dodd and 
llobertB, 1950) density (Greenwood and Martin, Ulfili) specific heat, surface 
tension (Dodd, lt)51) and vapour pressure IJItrasonn velocitv (Barone <‘f al , 
1957) and absorption (Hiinder, 1951, Partbasaratliy and Biinlal, 190) bave 
also been studied to some extent on eerlain iKpiids ovei various ranges ol 
temperatures 

According to Barone, Biseut and Sette some polar Iniuids whicli can be easil\ 
supercooled show a sudden change of activation energy since viscous flow oecures 
at a teiniieraturc near melting point. They attribute this change to some striie- 
liiral variation inside the lupiid. 

Hunter (1951) worked on menthol and Petra and (^/evolain (1951) in salol 
Hunder observed a slight variation of temperature co-effieient in meiiHiol but 
Petra and Cevolain wtii^ not able to detect this effeid in salol. 

Siihseqiientiy, Barone, Piscnt and Sette (1957) have investigated, menthol 
dippeiiyl ether, m-chloronitrobcnzcnc and salol in the normal and supercooled 
regions. They have discussed the results on the basis of viscosity measureineiit 
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Ultra, Home Velocity in Supercooled Liq'\jiid,H 

and explained that the strueliiral variation, ^^h^ell nnglil he res])onKihle for the 
variation in leinpi^ratnie eo-effioient in the two slates of liquid aie inanil\ due to 
formation of molecular assfieiations 

I he [ireseiit work was iindei taken lo .stu(i_\ some iiion' lujinds and to 
investigate their behaviour with respect t«> nil ni^soiiic iiropagation in the tem- 
peraturo range of to 7(n\ the melting point of the liquids m (im^stion being 
in the region of 50' C AVitli the helj) of a ])re< isioii interforemeter the ultra^ 
sonic velocity \ias measured in salol. thymol, benzo])heuone, dqihenylamine and 
phenol. 

EXr E K I AT h: X T ,\ L 

The work under rejioit was done at a ^le(^ueuc^ of (1 Mrs The r f. 
generator used consisted of 2 Mes eiystal controlled oscillator iii the form of a 
modifier! Thru’ce osriillatoi' 'Phis was followed bv an amplifier tnpler stage giving 
0 Mes The rl output was fed to the load r-rystal fixi'd at thr^ bottom of thr^ 
iuterferonudei through a condenser coupling The H T cuirrnt to thc' output 
tube was fr^d through a bridge net- woik including a mieioammeler in such a wav 
that changes in the ])late current could be easily observed on the microamnieter 

A precision inteifei ometei was used for liiidiiig out the velocity at rlifterent 
teinperatures bv measuring the half wave-length in the luiiiid iiiidei test by 
shifting the rrdlector plate wdih the help of a micrometru screw 

If sound waves ])i ocevding from a vibiatiiig rpiaitz ari^ iiicidruit on plane 
rcllcctoi parallel to the source a standing wave ])attern is obtained Tlu' jilate 
cuirent of the output tube registers a change depending on thti reaction on the 
transdiK'ei prorluecd by a ivfleeted wave This reaction is maximum when the 
lellceted wave returns ISO' out of phase with the out going wave in wliieli ease 
the plate eurrent shows a maximum dip As tlie position ot the retloetiiig plati* 
IS further changed the reaction on the generator passes through a maxirmim for 
each A/2 pafh difference of sound waves eorrespoadiiig to movement of fhe 
rc‘Qei;toT. 'fhe reflector movements can be very accurately read with the help of 
micrometer screw driving it in the eleetrie eireuil, tlie l)iidg(‘ network is so 
adjusted loi iiiaxnnum sensitivity that the dips in the enrreiit can he easily counted 
as the reflector plate is moved. The total disfanee travelled by the reflcetoi 
divided by the number of dips gives the value of half the wave length Knowing 
the frcipiency of the oscillator the velocity can ho ealeulateil 

For the measurement of thc velocity at different Icmiieratures, water, 
from a thermostatically controlled hath was e.ireulated around thc liquid under 
experiment in thc interferometer with the help of a centrifugal ]miiip and the 
temperature was recorded with the lielji of l/IOTl theniioiuelcr, thc tempera- 
ture was constant within 0 I'T! 

The arrangemeiit gives .05% as tlie aceiiraey in velocity measurement. 

3-b 
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U « LI h T S A N i) D ] S C U S H 1 0 N 

Tlu‘ reHiilts obtained in Kalol, thymol, benzophenoiie, dipheiivlaiTiine 
and phenol arc j^ivon in Figs. 1, 2, 3, 4 and 5 respectively. Th(\v liave also liecn 
placed in a tabular form for comparison. 

It IS noticed from the al>ov(‘ results that in jihenol (Figs .1) there is no 
change in nltrasonic velocity as the Icmpeiature is reduced lielow the melting 
])oint inlo the supercooled legioii. The jtusoii for this may be due to its hygros- 
copic nature, it is likely to be mixed with certain amount of water. Prcsumablv 
the piesence of this water masks the small variation in temyieratiire gradient 
il any in iiheiiol 


TABLF r 

(!omparison ol vch»cily (M/sec) in diflerent. Inpnds at different 
t emperatures 


S 3^0. 

'rom]i. 

►Salol 

ni p.-42"(! 

'I'bviiiol 
in.]! 51 5 'C 

Benzo- 
plionoiio 
lu.p :48“t‘ 

Diplicny- 
laniiiu' 
111 p 54'^'C' 

l^hcnol 
iii.p 411' 


:io 

1468 00 

1406.00 

1544.00 

1022 00 

1485 00 


:i:i 

1453 50 

1390 00 

1585 00 

1011 00 

1 475 50 

.» 

:io 

1444 00 

1887 00 

1520 00 

1000 00 

1460.00 

4 

89 

1484.00 

1878 00 

1517.00 

1589 00 

14.57 00 


42 

iii.p. 

1308.00 

1508 00 

1578 00 

1448 00 

0 

45 

1412.00 

1359 00 

1499 00 

1507 00 

1439 00 

7 

48 

1402.. 50 

1350.00 

111 p. 

1550 00 

1 129.50 

8 

51 

1893 00 

1240 75 

1477 00 

1.545 00 

1 120 00 

0 

54 

1383.50 

1330 00 

1465 50 

in p. 

1411 00 

10 

57 

1374 00 

1320 00 

1454 00 

1417 75 

1401 75 

1 1 

(jO 

1804.75 

1310.00 

1442.. 50 

1507 00 

1392 25 

12 

08 

1855 00 

1800 00 

1481 00 

1490.00 

1383.00 

i:i 

60 

1340 75 

1290.00 

1419.25 

1480 00 

1374 00 

14 

09 

1387 00 

1280 00 

1407 75 

1475 00 

1364.75 

15 

72 

1228 00 

1270 00 

1890 50 

1404 75 

1355 . 50 


In the case of thymol (Fig. 2) it is noticed that there is no appreciable abrupt 
change in the velocity near the melting point but the temperature co-efficient of 
velocity is different on either side. Benzophenone, (Fig. 3) salol (Fig.l), and 
diphenylamine (Fig 4) show a sudden change in velocity. In salol (Fig. ] ) the 
change is about 11 meter as the temperature is lowered by about 2.5'’C in the 
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IHi^ H. Ultni'<oiiir \oIf»n<y in fn'ii/.oiilii’inoin* 



Fin. UliruHonn* volociiy in diiihonylamirn'. 

The furvo obtained in salol (Fig I ) iii the present ease does not agree with 
tlie cMirve obtained by Harone and Pisent (1957)' They have reiiorted that in 
the neigh tiouriiood of the melting point, the velocity is changing from higher to 
iowei values as llie ttimperature is lowered to supercsooled region whereas in the 
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fi'ig r» Lrili-dsoiiii; vuloody ju rarholn; ucul (plu>iml) 

oUiev liquids sUulied by tliem ^ivc the reverso ordtM , lii tlvo work uurlei roj>oi't 
noil only benzophcuoni* and dijdienylainini' bul also salol show an abrupt lur rease 
ot vcloojty as tko leinpeiat-ure js lowered lo cross the melting point Presently, 
lii may be explained that the variation in the values in the tw'o regions may lu' 
line to stmotural changes w'hich take place in lupnd irom nornuil to supei cooled 
state. Any change in the striictuie is likely to be associated with a corresponding 
( liange of adiabatic coiii])icssibilitv. l>odd (1040) woiking or measurement ol’ 
densities of various supeicooled liquids observed no detectable cViange m the 
temperatureno-eflieient of density. This again indic ates that the adiabatic com- 
pressibility must shenv an abrupt change at the melting ])oint of the liquids, in 
the present ease if the densities of these liqiiicLs aie also mcasiired over a siniilai- 
range oJ temperature extending into the supercooled legiou it wmuld lie possible' 
to ealeulate the actual adiabatic eompressihilitv from velocity data ajelready 
obtained. Work on other hues is m fii ogress 
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ULTRAVIOLET BAND SPECTRA OF AsO AND AsO^ 

S V .7. LAKSHMAN \ni) P. TI IUIVKNUANNA I! AO 

SiM'7( Tiuisr oPH' Lmuikatouikk. J)ki’\ktmknt or Piivsirs, Asi)iii!A Unlvj:iisjt\ , Wxltmi: 

April ‘21, l‘)(5B) 


Plato V 

ABSTRACT. 'l'Ji,o bund Hpoctiuiii of AsO was cxcitod, in a. boavy ruiTc'ul dischavj^t' 
from a 4 K V trausfoiinoJ-, nsinp a quai'l/ discharfif* lub(' aajUi niti'rnal hollow njrkol clortiodrs 
Ird wilh a S])(!(‘p\ii’() samjdt' ol As20,i Two now doiihlnt aysb’nis oj bands dosjgruiird; as 
A-II and — A-II, analogous to tJxoso j'oportpd by ono ol tlio aulhois (Lakshnuin ]9|)(l) 

111 tho caso oJ Sl)(), AvtMO ohst'iv'od in iJa* icgion A !U00 \ 2400 A". Tim spoctra wrro pboi^o 

graphod on a JTilgoi' niodiuin quartz; and J^!^ quart/ Idtiow spot tj'ogiai>hs. Vibiationsal 
analywos ol ihoso syslrins wore' (■aiijp<l out loading to tim loJJoAving cpiautimi loimnlao. 

</- A'‘-J1 P - > (i.Ki 'Mv' I 1) “4 snip' ! 1)-- !J()4 0(p" j 4 i)()'v' 

:!7ti()4.S J ' " 

:is80.').i) ^ 

D~.xm -. J o(p'-r'.)-:J :j:is(p'-!-t)*- otu o(p'^ i ,i)-l i A)^ 

.‘177HU 5 J ■ “ 

In adtlilaoi) (o lh(7 abovo Hyritonis, a smglot systoiii of btuuls w’as oblairmd in Ui(‘ rogion 
\ 2^)00- \ 2200 A, \ vibrational analysis ol Ibis systoiii ga^(‘ Ibo following loiistants. 

0 )/ 777 0. cm t — l>.o7 cm i 

p,. 12001 1 cm I 

0)/ 1100 4 cm-J 4 S78 cm-i 

Prom the imigiuliido of the vibialionul coiislaiils, it is com-lndod, ibnl the cmiltor oi this 
Hystciii IS tlio hitliorto unknown AB()^ ion 

Dotailod arguments aio iiroHontoil foj assigimig tins system to AsO+ 'I'lio obsoivod 
clectionic states ot As’O and Ah(P are <-ompared and discussed w'llb those, ol the iclated molc- 
etdos on Ibo basis of M.O. electron configurations. 

I N r n () j> c u T j 0 N 

CoiULolly (J9:i4), Jeukius and Strait (1935), Shawhaii and Morgan (1935) 
veiiortod tno doublet systeiiiR A—X and B—X of AhO, in emissjon. in various 
sources ot excitation in the region A345() ^2350^ Vibraliojial analyses of these 
tAVO systems showed that they have a eommoii loAver state identified as a -K 
state, with a donhlet splitting of cm That tliis state is the normal stale 
of the AsO molecule, is confirmed by the observation ot the U— X hands in ab- 
sorption by Connelly. Of these tvo systems the A—X system consists of red 
degraded bauds in the region /^3450 A2950A while the B—X comprises of violet 
degraded bands in tJie region A2800— A2350A. From the observed doiiblc- 
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hoarled nature of tlie bands, each ol Ilu‘ Iwu s\ steins ^\as iisciiIkmI to a 
“il- ^IJ transition 

The present iiLvestigaljons nil tlu‘ hpoctruiii ot AsO iil heav y current (liseliar^res 
neve started with a vdew to oldain possible new systems aini logons to the C X 
and T) X systems oT SbO jirevionsly Je])orted by one of the antliors (laikshman 
19(i()). This work has led to the analvsis and i<lentitication of tivn new doulihd 
systems designated as (h -X-ir and J.) - X-II of the* AsO molecule and ot a band 
svstoin atliibutable to the luolei-ulc AsO' whose e\istenc«‘ is s])ecti'oscopu‘idl\ 
liilhcrlo unknow'n We tlescribe below- the evperinieiilal jirociMlure and t lu' r<-sults 
of detailed analysis ol the ultraviolet band systems of AsO and AsO'. 

JO -V J’ K n I M JO X T A b 

The s])ectia were excited m a lieavy <uri-eiit discliarge fioin a 4KA'. tiaiis- 
loriner, using a (|iiart/ discharge lube Avilh inteiiial hollow' nickel elisitiodes Jed 
with a speepiite sample of As.O,, IMiotogi aphs ol the spi'ctia. wine obtained under 
(a.) low jiressiire stagnant vapour conditions liy (losing a. stoii-cock coiini'cled in 
between tbe dicharge tidie and the system oi evacuating pumps and (b) low 
])rcssur(', ftowdiig vapour conditions In the loi nun i as(\ the band spcclium of 
AsO Avas obtained in the region /tSfiOO - - A2400 A while in tlu' latl(*r case, a new 
group ol bands attiibuted to the AsO' moleeiile was obtained in addition to the 
above h]x])osures varying from three to ten niiniit(',s on Hilgei medium (iiiart/ 
and one to two hours on E, (piaitz httrow' rp(M-t rograplis weie t'ound adcipiate 
to photograph tin* spcudia on THord SeJo-chiome and Speeial Itajud platc's 'Pin' 
bandheadswerci measured against iron are standard lines, using a. llilgei eom- 
[larator 

H JO Sb J.TS 

AsO ; N(ur - 

In addition to the A“X X"ll and X“1J systiniis oi AsO analysed by 

previous w^orkers, the. Hjieotra leprodueed in Plate V Pigs. 1(a) and 1(h), reveal 
new groups of red degraded hands in the region A.’lJOt) A '^Du; new' 

bands, start from the sliorter wavelength side of th(‘ A X system, and partly 
oeciir in a region of overlap wdili the P- X hands 'Pho wave no in hers, inten- 
sities, and the vibrational assignments for these bands are gn eu in liable I. 

Vibrational quantum formulae w ei e derived lor the Q— heads ol the A— X 
amlB-X systems by Oonnelly (IIPU) ami also by .Ihiikins and Strait (1935). 

AVe have observed that the new group of red degraded hands eould not he 
fitted into the vibrational schemes of either oi the two components of th(‘ A- -X 
system. It secmied, therefore, reasonable to assume iha tthey constitute one or 
more new doublet systems of AsO moleeiile, A eliu* to the analysis of the new 
bands Avas obtained by the observalion ol juogressious ol hands, wdiose ^a (?;) 
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Waveinimbcr, iiile-usity and vibiatjdnal aHsignineuts lor tlu* ])ands of 
r- and D nyxiems of AsO and system of AsO+ 


Wavp- 

inimbcr 

cm'i 

Int. v'.v" 

Wavo- 

immbi‘ 1 ' 

Ijit. v',v" 

W'avo- 

imiiihor 

cm''* 

Int 

v'.v" 

AxO ( ' 


.W) D- X3lla/- 

AkO^ 

A12 ' 

X'2 

;J3477 


1,5 

33839 

2 0,4 

39195 

j-j 

'o,:i 

;i3745 

3 

0,4 

35703 

3 0.2 

40267 

7 

0,2 

3439ri 

3 


:i()4J« 

4 n,| 

4J34H 

5 

(M 

:i4«7:i 

4 

(►.3 

37256 

2 1,1 

42IJ3 

S 

1,1 

anoiis 

1 

2,1 

37602 

4 0,() 

42439 

4 

0,0 

liriiiO!) 

7 

0,2 

38200 

4 I.O 

42866 

2 

^,1 

3r»H5H* 

- 

2,3 

38807 

2 2,0 

43205 

6 

I.O 

3(J2r)7 

2 

1,2 

39402 

2 3,0 

43957 

-• 

2,0 


7 

0,1 

AhO 

l>-X-!jJi/., 

44693 

3 

3,0 

37202 

6 

1,1 

36727 

2 0,2 

45420 

3 

4.0 

37K43 

4 

2,1 

37674 

4 0,1 




381 no 

9 

1.0 

38280 

3 1,1 




38794 

4 

2,0 

38630 

3 0,0 




:i9422 


3,0 

39236 

5 1,0 




Ah(3 

V- 

X^IIi/2 

39834 

6 2,0 




34710 

3 

0,4 

40424 

4 3,0 




35644 

4 

0.3 

41010 

3 4,0 




36583 

0 

0,2 

41588 

3 5,0 




37531 

H 

0,1 






38180 

o 

1,1 






38487 

4 

0,0 







* Coincides with an atomic lino. 

intervals agree cJoseJy with those of the ground state X of the AsO molecule. 
A detailed analysis, has shown that the new group of bands in the region 
A3100 — A2400A could be interpreted on the basis of two overlapping doublet 
systems of bands, having a common lower state, identified as the X state of 
the AsO molecule. On this basis, the hands have been arranged into two vibra- 
tional Kohemos shown in Tables TI and III. Table II refers to the scheme of 
classification of a doublet system designated as C— X ^n. As the bands appea.i 
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single headed, they iiiay i)e either the Q heads ol’ a -A{a)- “ll(n) Iraiisitiou oi 
tlie J* — heads of a*'IJ(n) trausition, 01 the luo possibilities, the former 

ajipears more likely as the niiper state can be identified to be a state from a 
(‘omparison ol this state with similar levels ideiitilied in NS, SiK and SbO. 
(See flisenssion below). As the eorres])oiiding bands of the 1 wo (*omponeiit systems 
are separated by ~970 em ^ the nppci state is a regulai> state and has a doubled 
splitting e(|iial to 102fi 970 -- 56 em h TJie (! X "Jl, eompoiiciit system 
lionsists ol only tlic strong ?)' — 0 progression of bands, "fhe bands heads ol 
C X “11 system could be represented by the ipianlnm foj-mula ■ 

;i8637.n 

V --= y |-(j56 :l(r' I i) - 4 S5 (r'-| 96-1 0(e" {- \)~\ 4 bOfe" | i)- 

:17664 S J ^ . 

to uithiii an aeeuraey of .‘I cm h 


TATfbM II 

Vibrational seheme of band heads ol the C A’-Il syst.emi ol AsO 


u 

1 

2 

3 

4 

38487 

37531 

36583 

35G44 

347J6 


956 

948 

939 

928 


36558 

35609 

34673 

33745 



949 

936 

928 


649 

— 


— 


644 

648 


650 

— 

38180 


- 

... 

38Tri9 

37202 

36257 


34395 


!)57 

915 



635 

641 



633 

38791 

37843 


35958 

35028 


951 



930 

628 





39422 






Table III shows the scheme of classification of band heads of the other 
doublet system designated as D — X The analysis shows that the upper state 1) 
belongs to Hund’s Case (b) and the loM'er state has a doublet splitting of 1 026 cm ^ , 
which is identical Avith the doublet splitting of the ^11 ground state. 1 he bands 
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of this sy.slfijj afs(j ajjpoar sin^lo headed anri may })C odiicr the Jv— Jioads of a 
iransifioji, or tlu* Q Iieads of a “A(f;)~ -n(r/) transition. 

Tin* haiifl Imad.s of tho lv\o < oinpononl svsioms coidrl be represenlod by 
the (luaiitnin tornuda . 

ItSSOo 

V ^ J 011.5(7-' ! J,)- ; i)^- 004 ()('/'"+ ')-'rl .’0" 

;i77K0.r) j ' “ 

to Within an JKsiiracy of 11 (in b 

AsO ' A situfh'f .syy.'-'/f/a 


'I’AHLI^ III 

V'l I national sdnmu' ol IJand hearts «»f the I) .system <tl AsO 





(1 


1 2 


3H(i:U) 


37074 30727 

0 


9.5(* 

‘M7 


|{7(i()2 


3004.S 3.5703 



9.54 

‘M.5 




000 


(i06 


00(* 

\ 


!».50 

382SO 



9.53 

372.50 


.^ns 




rjits 




:i9s:{4 



2 

.‘{8807 




590 


\ 


.595 



;i 

4042-4 

39402 




.580 



1 

-imio 



57S 




41,1SS 


Ah Av'a.s mentioned pT(^\aon.sJy this systein of hands >vas obtained in the region 
/\2r)i>0— A220bA wlnni. the vapour of a sample of A.SoO.j Avas kept flowing undei 
low pressure eoiubtions. it is reproduced in Ifig 1(e) of Plato V. The waA’e 
nnmheis, mtensitics, and the vibrational assignments for lhe.se bauds are shoAvii 
TU 'fable T. The analysis of this system presented no difficulty. Tho tAvr; 
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Ultraviolet Band Hpectra of AsO and AsO' 

],r<>gics8ioiis of liaudB ,/=-() ami W II woii- tmil.v to tlm 

Yibiiitioiial scheme .liHijIa, veil in 'I’al.l,. IV The iol|„«iuj, viliral ioual constants 
liavc' b(‘Ori (l(‘i’ivc(l. 


f«),/ - 777 0 (MU ' 

Vc - 42f)01 1 ( oi," - 11()(N (Mil ' 

() 57 ( in ^ 

.I’e" { a / - 4S7.S(iir' 
'I’AHLE IV 

Vilutiiioiidl s( h(MiU‘ (if AsO lijiiuU 


v' 

n 

1 

A 


0 

424:}!! 

7r»(i 

nnis 

lOOJ 

7H.7 

10207 

iOSI 

1072 

1 

i:v2i)r» 

421 i:i 

1002 



- 

4:10.77 

4JHlili 

1001 




7:ui 

;{ 44(iS):i 

I'll 

-I loll’d 




;d)ido 


Tlid siii^li’l sliiu;! Ill (■ o1 tills sysUMii iiud a. coiiqiai iscju of tlu* vibi iil uui.il 
cojisUiuts oi this systiun u jtli those of NO ' and JM)i iudicale lliat tfu^ einittfM- 
of tliis syst(Mu is tJie liitlierto iiiikiiowii AsO' ion A di'tailod distussion on tJiis 
IS ^iv(Mi 111 a lat(M- , section 

1) I iS (’ U S SI ON OK KNSl'i^'J’S 

NO, PO, NS, PS, SiP, AsO and SiiO ' 

AVe may miw disenss the iiatiin* and i)i()]»erlies (d tiie cUa-t ronie sfalcs ol the 
2 \s 0 iiioJeeule in veJaiion to those identified soiar in tlie sjiectra of the related 
niolecMilcs NO, PO, NS, PS, SiP and ShO. Fij?. 2 tijives the tm-m scheme oI‘ 
electronic levels identified till now. 'fhe ground state of these molecules is avcII 
known to be a -11 state and is ri^jireseuted as X -II The levels A, H, D etc , 
are arranged in the order of iimreasing energy Ho^^eveT■, the designation of the 
levels in PO and NO is not strictly in the order X, A, B, C etc We iioluje for 
instance, that the first and second excited states of PO are lepresenled by B -X 
and A '^1, respectively, while the B' term in NO oecurs in between the D and 
E levels, and the new 0 and I) levels in AsO fall in Indween A and B. The ratio 
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(jf the vibrational fr equency of aii excited state with respect to the ground state 


viz. is shown on the right. It gives us a measure of the relative strength 
of binding of the excited state witli respect to the ground state as the square of 



Tig. 2. Energy levels of NO, PO, AsO, SbO, NS, PS and SiF. 


of and would be helpful in the identification of analogous states in the 

We ha 

series of molecules referred above. 




(The vjolet degraded bands in (b) and (c) belong to the B 
system of AsO) 
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VUraviolei Band Spectra of AsO and AsO^ 

The observed molecular electronic states of NO, NS, PO, PS wore previously 
discussed on the basis of expected molecular electron coufiguratioiiB by Dressier 
(1965), and ot NS and SiF by Barrow (1954 and 195S). Leaving the completed 
K and L shells, the ground stale configuration in these niolocules, in MuJiikeu’s 
notation, is r6j)reHcnted as 

■ ■ ■(2tr)2(y(r)«(u'77)«(a;tr)2(r tt) ... X ■••(!) 

The result s of a recent rotational analysis of PO by Singh (1959) and SiT by 

Johns and Barrow (1957) definitelv show that the B level in PO ( “ " 0.94) 

and A level in SiF ^ -r. O.SjJ belong to a -21 term These slates appear 

analogous to the level in AsO ^ ^ 0.71 j and “>1 in ShO 

I 0 71 ) and belong to the excited configuration 

\ (Oe ' 

...(2cr)^(:</a-)‘^(!C7r)‘*(a'o')(?;7r)^ ... ^A, '*21“ ... (2) 

^fhe reduction in the vibrational frequency in the excited state of each of the 
molecules is due to the transition of an electron from the bonding x(t orbital to the 
anti-bonding vtt orbital. Howevei, as was mentioned by Dressier, the reduction 
in the vibrational fredquency of the B “S state in PO is not so large as in others, 
indicating that the xcr orbital in PO is practicjally non-bonding. 

Til addition to the state discussed above, the above configuratimi also gives 
rise to a ^A term. This state was identified with the B' level in NO by Micscher 
(1956) and with A level in NS by Barrow, Drummond and Zeeman (1954). A 
comparison of the values of oZ/cOg" for these states with the observed 0 levels ill 
AsO and SbO (Lakshman, 1960) reveal that all of them arc analogous. We 
may thus assign the C levels in AsO and SbO to a ‘■‘A term arising from con- 
figuration (2). 

The vibrational analyses of the C~X in PO and of the system of 

AsO indicate that the upper state belongs to Hand’s case (b). But the A — ^value 
of the state remains unknown, in the absence of the results of a rotational 
analysis. 

The B level in AsO, E in SbO, C in NS and B in SiF are analogous states. 
Each of these states is characterised by an increase in the vibrational frequency 
and thereby the force oonsUnt with respect to the ground state. These states 
belong to the configuration 

. . , {z(rn^<T)%w7rnx(Tr- , . (<r) . . . 22 


5 
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con trspouding lo the traiusjtiivn of an eioitron from a vn anti-b(m<ling orbital to 
a aoii-hoiidijig a orbital. 


N()^^^S^ P() l^Sl aiul AsO* • 


Iji Ihis se( tioii, we jjropose to give detailed reasoiiH for as.sigiiitig the singlet 
system reprodni-ed in st riji (e) of FMate V to the AsC) ' ion. The arguments presented 
in the ioJIowmg discussion are closely similar to those used by Dressier (19, 'if) ) 
in the speetroscopie identjfieatioii of the Lons P0^^ and 1\S'. Tlie justi- 

aeation tor attributing this singlet system to the AsO ' ion can be seen from the 
fact thal then*- is a eonsidcrahlc increase in the vibrational fieijneney of the ground 
state term of the ion arising fioin the removal of the last rn anti-bonding elecirijii 
ot conlignratioiJ (1) re])i esenting tin* ground state of the nential AsO molecnJi\ 


We compari' in 'fable IV the values ot 


(,i/(Ion) (Ion) 

i.)/(Molecnle) k" (Molecule) 


for 


1 ^' 


pairs ot molecules NO', NO. NS^ NS; PO, PS', PS, and AsO', 


Asd. 


We observe from the 'fable V (hat the values of and 

(Molecule) /fg (Molecule) 

are (exactly equal in the (lase of the three pAirs of nuilecules given in the last 

three columns, 


TABLE V 


( Vmiparison 

of the values of * 

(Ion) 

and / 

"c (Jt‘11) 

foi the pah i 


CO 

e (Molecule) 


ke 

(Molecule) 

of niolei 

c.ulcs NO+, NO; 

NS+, 

NS, PO', PO; 

PS', PS, and AsO', AsO. 


NO+ 





PS+ 

AsO^ 


NO 

NS 

PO 



PS 

AsO 

w/' (Ion) 

Wfl" (Molooulo) 

^ 1 -5 

J 

J21{l 

1405 

1233 “ 

.11 

H4.-5 

740 

- J 14 

1.14 

964 

ke" (Ion) 
ke" (Sloleoule) 

1 . TiG 

- 

1 3(1 


1 

1 30 _ 

1 30 


A similar comparison of the values of and and (given in Table 

(0 g /c g 

VI) for the ions NO+, NS+, PO+, PS+ and AsO'*' also show^ that there is a similar 
decrease in the strength of binding of the upper state relative to the ground state. 
The Vg values of the singlet systems show the expected shift towards red with 
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Ultra viol el Hand Spectra of AsO and AsO' 

TABLK VI 

Tho vfiliu'H of IV. , aud f* for llir niolociilcs NO ' , NS^ JUtflAsO' 




Vt> 

ii.UlHlIlUll 

uV 

L t‘ 




(Jill' * 



Jc% 



MO* 

7:H7U 


0 6S 

0 46 



MS^ 

4J<MI() 

fMi A'i: 





1*0* 

40!I.IO 

J .V 

• 

0 7:i 

0 



T\S* 

4-062(1 


0 72 

0 .^>2 



A.sO* 

12600 

1 

0 71 

0 .10 


increasing 

value ot 

/I. llu‘ 1 educe 

*d mass, as w(“ jiass 

tiom Nt)' 

and PO* 

to AsO*. 

Since the 

ground state aiises fr 

om the configuration 





... (srT)%rT)J{//'7r)i(.ro-)= . . 



A) 

the upjier 

state sh( 

luld lhcr(‘fore 

( oi respond to the e 

xeii-alion < 

)t an elei't. 

rion horn 


cither a tm or .rrr orf)i(al to llic rn anlihoiidinir orhital Fot innlccnlcs 

with small iiitcriiueloar distance like NO* and N)S' se may expect .rrr orbital 
to be higher in energy than wn Thus the obseived first exciti'd Ml state arises 
from the eoiifiguration 

... {z<Ty{j/a)%wny{.v<T){rn) . . Ml ... (r>) 

However, for nioleenles with laige intenineloai distaine like PO ' , PS' and AsO * 
foi which the ratios are ob.served to be almost erjnal, we woiilrl then expect the 
.rrr orbital to be lower m energy than the wn orbital Thus the lirst. observed 
excited state in these molecules may be reyneseiited by I he contigi nation 

(,^cr)"(//rr)“(.ia)‘'(ve7r)*{r7r) .. (b) 

dims the singlet system of the AsO* ion may be leprc'senlerl by the 1 ransition 
This assignment of the transit ion i.s supported by the observed sini])le 
rotational stnujture of the bands eonsistuig of only Jl and P branches wiien yilioto- 
graphed under the high dispersion ot a Kj nuart/. Iittiow' spectrograph. (2A/nim 
at A2;i00 A) 

in his discussion of the electronic states of NS*, T’O^ and PS* Dressier 

(1955) has made the interesting observation that the vibrational frcijuencies of 
of the ground states of NO *' and PO * agree closely with tlmse of the excited states 
and A respectively of NO and PO as showui below 


NO^ • w"c — 2d77 c:m~^ NO • — 2275 cm ‘ 

PO* : - 1405 cm ^ PO • w'e ^ 1291 cm-^ 
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Wc havfi also obnorvod that the vibrational freciiiciicy 1100 rm- ' of the 
state of AhO^ agrees (‘losely witli the vibrational fre(|iiency 109H eni ^ of the excited 
IPH stale of AsO. Now, the state of AsO was previously assi^iiod to the 
configuration 


... (4:rr)\vfr)“(M»7i)*(x<r)- . . (o') ... -Il 

111 which the. last electron is in a non-bonding orbital. If this electron is rennoved 
in the process of ionV.ation of AsO niolc*c;ule in the If-il excited state, we should 
exiiect no change in thi» viiiralional freijueucy of the ground state of the ion thus 
formed. This plausible explanation of the near eipuility of the vibrational 
Irecpieney of the li state with the ground state of the ion gives additional support 
to the assumption that the eniitler of this singled band system is the AsO ' ion. j 

C K N (> AV J. \<: I) ({ M 10 IV' T S \ 

\ 
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THE NEAR ULTRAVIOl.ET ABSORPTION SPECTRA OF 
THE THREE ISOMERIC METHYL PHENETOLES 

K V. KAMEHWAHA RAO and V. KAMAKIMHHNA HAO 

DiClMUTMlONT OF yilYSU'S, \ I'NIVICKHITY, W aLTMR 

(HKcieed. Mu if 2, llKiO) 

Tlu‘ near ultravioU't absorpiiim Kpectra of oitlio-, ineta-, and para-iiKii.liyl 
plicnclolos iiivf.sli^'atcd ni the vapour, Inpiid and solid jihasus 
( )rth()-methyl phnietale 

In absorption in vapour about 20 bauds ammo ineasiired and tin* intense band 
at 2751 OA (30332 eiii ■‘) Avas taken as the (0,0) band. The siieetniin eouJd lio 
interpreted oJi th<‘ liasis ol'lour fuiidainentaJ fieijiicnejes in th(‘ np[)ei state (53-<, 
734, 950 amt 1275 eni and one tuudainental in the ground state (42H eiu ’). 

In absorption iii solid state llivee bands were obtained and the intense baud 
at 2787 A. (35870 ein was taken as tlie (0,0) liand. Tin; speetruiu could be 
interpreted on the basis of iAvo upper state fuiidanientals (830 and 1952 ein ^) 
Mela-met hyl phenetole. 

In absorption speetruni ol vapour about 23 bands were- measured and the 
intense band at 2775.7 A (30016 cm' ^) Avas taken fis the (0, 0) band. The spectrum 
e-ould be interpreted on the basis of live fundanieiital treqneucies in th(‘- uppei* 
state (683,741, 912, 1102 and 1279 em-i). 

Ju absorption in liquid state three bands Avcrc obtained and tlie intense 
band at 28071 (35015 cm-i) was taken as the (0,0) band The spectrum could 
be interpreted on the basis of one upper state iundamental 897 cur b 

In absorption in solid state three bands were obtained and the intense band 
at 2805 A (35640 em-i) was taken as the (0, 0) band. The spectrum could be 
interpreted on the basis of one upiier state fundamental 886 eni'^ 
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Parn-7H(^lhyl phenHolv 

fn absorption speflniiii of tho vapour about 115 bauds wore mcaHmod and 
the intense^ t»and at 2S2(j.b A (35304 cm 0 talvcu as liir (0, 0) band. Tho 
spectrum could be interpreted ou the basis of six fundamental frequencies in 
the upper slate (503. ti35, SOI, OSO. 1120 and 1203 cinO and one fund amenta 1 
in the i^round state (235 cm ') 

in absorptuni in liqinrL state two bands wore obtained and the intense band 
at 2873 A (34707 (in 0 taken, as the (0, 0) band The olln'r band was iuter- 
jireted as the ujqier state fundamental 830 cm 

Jn absorjition spectrum ot the solid eleven bands wcie obtained and tlic 
intense band at 2SS0 A (34712 cm was taken as the (0, 0) band. O^he spectrum 
was interpreted on the basis ((f three upper stall* fundamentals (452, S14 and 

1197 cm 0- \ 

O’lu* details will be published shoitly \ 


10 

STRUCTURE OF NAPHTHAZARIN, C,oHi02(CH), 

V .SltlVASTAVA 

Association cok tut: (’ci/i’ivation oi’ Scicnct:, Caia ctta-;?:! 

{J{('i eirctj, Ap7il IH, ItHin) 

Naphtha'/iaiin exists in three differcnit modifications O’lu* lesnlts of X-iay 
study on all these diffeiont foinis liavo been summed uji by Jiorgim (1950) and 
by (folder and Zhdanov (1958). A preliminary X-ray investigation on modi- 
fication IJ , in the notations of Borgeii. was made by Si ivastava (ltl5S) and later 
by Billy (lt)5S) also Billy has given the rough atomic [lositions which she esti- 
mated from three dimensional PatterHon’s synthesis and the projections obtained 
\^ith the hcl]) of von Eller’s fihotosummator 

In the present conmmmcafion the molecular structure of uaplithazariii has 
been determined by means of two-dimensional i(^„-Hynthcsis alsong [OIO], Tlie 
crystallographic data are : 

0-7.90 A, h- 7.30 A, r - 10.91 A and /? -- 124‘38' 

The crystal belongs to space group No. 1 4 Pa^^^ and contains four molecuU's 

in a unit cell. 

The molecular orientation was known from the study of magnetic anisotro- 
pies m the crystal by Banerji (1938), He further suggests that the intersections 
of the four molecular planes with (010) cannot all be along the same direction, 
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])ut shtnilcl lie aloii^ two difloreut (lireelioiis in the (did) plam'. This lomls vis to 
iiifor that the four molcMulcH should cAist in the unit voll. as Iw'o pairs, not 
related by any syinniPlry and ihal haH-nioleeule should bo taken as the asyin- 
nielne imil. This also supports llio interpretation nnule In Hilly on the basis 
of T^attcrson's fniulioii. 

Ae( ordiugly , two inoleeules were placed in the unit cell with Hieir eeiitrt‘s at^ 
0, d. 0 and 0, d whieh, after symmetry ojuMalions assignerl to the sjiaee-giou].* 
more moleiailes with their evnitres at d i, \ and I'l'S- 

|)(*clivoJv. Atoniic positions were lound out from the election density projceticni 
in tlio plane (did) and are given in the Table* 1. Molecules wen* well resolved in 
the plane (did) but nuieh ov'ei lapping was lound m (Idd) pro(ei‘tioii Hositjons 
oi the atoms in tin*- projection (did) are shown in Fig 1 



]n the oaloulatioii of the etructure faetois, Hoeriii and ri)eiB- (l»r)4) atoniie 
form factors for oxygen and carbon liave been useif and an iBotro})ic, 7i-factor of 
2.5X10“”’ has been imposed upon then). The leliainbty jndex 


^(hol) 






came out to be 0.23 
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TABLK 1 


MoliH'uln at 0,0.0 


Mol (if 

ulo at 1,0,0 


Atom 



Atom 


^0 


in A 

in A 


in A 

in A 

A 

- 1.46 

2.. 77 

!<■ 

0 , 04 

1,02 

B 

0.00 

-1 10 

fl 

4 70 

0 07 

(1 

0.3!> 

0 12 

ir 

3 . 75 

- 0.01 

1) 

1.98 

1 72 

1 

2 35 

-2.2.5 

E 

2 29 

2 . 93 

.7 

1 28 

2 70 

Oi 

0 71 

-0.8.7 

O:, 

4.40 

- () 90 


2 . 07 

2 00 

n, 

2.02 

-3.25 


TIu". c'oinplolo stiucturv of ua])h lha/.ariii with I^unor and lo\^ teiiiperaliHe, 
roKiierncixts will he [)ublisfio(l shortly. 

Tho author is very thankful to Prof B. N. Srivastava, D.Se., F.NJ , foi* his 
kotMi interest throughout tfie progress of the \vork and to T)r, li V. II Murty, 
f). Phil, and Dr. H C Chakral)orty, D, Phil, for their hel])lul diseussions and 
suggestions. The award of the C.iS.r.ll. Juinor lleseareh Pello\vshi|j is also 
gratcfu I ly aekno vvlcdged . 
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TRANSISTOR DRIVE CIRCUITS FOR DEKATRONS 

K. S. PATEL AND B. M. BANERJEE 
Saha Institute oj.’ Nucleak Physics, Cai^cutta 
{Receded y March 26, 1060) 

ABSTRACT. Transiator (Invo circuits have boon drambed for C;C10/4B dokaitions })y 
Chaplin and Kandiah (lOrtS). Thesi' aj>j»ly jiairod pulses ol HO /x s(‘c duration and 80 volts 
ainpliiudo to tho dokntron guides and claim a roaolvmg tiino of .300 iiiicrosncondH. 

A transislur circuit siiitablo for tho fastor GC lOD tlokalrou that attains a rosolvmg tiiuo 
of 40 /X sec Vuis been doscribod by tho authors. This supplies a 20 /x sec, loO volt pidw' and is 
oHSontially a blocking oscillator pulscr usmg a ferribi core tianstoi mor The tj'anslonmM design 
detads have also boon described. Tho ciicuit is simple and relmblo and woiks ovei a Hujijdy 
voltage range ol 7.5 volts to 18 volts. The current (hum at jmlse i utc ol .5000 is only 2,0 mA at 
12 volts. This IS strikingly low when one reinoiubors that tho current drain fora puirodpiilso 
drive circuit is 10 mA at a pulse rate of .500 only. 

Following this, a .similar circuit for GC lOB, that noods CO /x sec |)ii1h(>h was devclo]jed. 
At 5000 pulrio late its (iuiront dram is ]2iuA at 12 volts supply. 3’his nicuit also works 
over tt range of 7.5 volts to 18 volts. It is essentially jiioro simple and reliable conijiarod 
to the ijairod pulse drive circuits and shows a resolving time (200 /x wn-) that, is boiler 
than Uio manufacturers figure foi this dokutroii. 

I N R 0 IJ IT C T I 0 N 

Of all devices used for decade counting, the glow transfer type dokatrons 
appear to be the most simijle. Extremely low opciating pov'er (0.15 watts) and 
reliability arc its further attractions. Combined with a transislor drive eireuit 
and transistorized high tension and extra high tension, perhaps the last word is 
reached m the dovelopnient of a portable nuclear eounting system that is simple 
and reliable, efficient and elegant. 

Transistoi drive circuits have been described by Chaplin and Kandiali 
(195S). These are for use with the neoii-filled GC J0/4B (lekatrons that have 
250 }i see resolving tiiiio. Paired pulses of 80 /x sec duration and 80 volts amplitude 
with adequate overlap, arc ajiplied by these circuits to the tv;o guide electrodes 
of these dokratons. Resolving time of 300 /x sec has been claimed for these 
circuits, which use five crystal diodes, five resistors, two capacitors and a special 
transformer using a ferrite core. These circuits are adequate for nuclear 
counting system using G.M Coimiers that have dead limes in the range of 100 
microseconds. 

The scintillation detector, which gives a very great improvement in detection 
efficiency for y-rays, is howevei’ capable of much faster countnig. Scintillation 
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y-ray spcjctronieiers coiiiiiioiily utilize a pulse width of oue 'microsecond. Very 
high counting rates (a million per minute) are often encountered. Counting 
systems must therefore have resolving times of one to live microseconds. 

Such short resolving times arc offered by transistor binary scaling circuits 
(Chaplin, 19511). We have found them equally reliable but the i)ower consumption, 
cojnijonents and (;ost per scale of two, exceed that lor the drive circuit of a dekatron. 

An argon filled dekatron is also available that has a resolving time of 60 [i sec. 
It is the three guide single imlse GO lOD that requires a 145 volt, 25 fi sec driving 
pulse. A transistor drive circuit for this tube is a more difficult design problem, 
chiefly because of the bigger pulse amplitude requii'ed wdth the shorter duration. 
Besides, since the preisedmg binaries will smooth out the randomness in the 
arrival of pulses to it, average (jouiiting rates to which this circuit may be subjected 
may run to 10,000 counis/sec. With such a high rate, power dissipation *[ in 
the driving transistor might be. a cause for wony . Collector dissipation m comi^oii 
transistor type.s like 00 72 must not exceed 40 milliwatts for leliable operatl^oii 
in this country. > ; 



Howovei’, wo have found such a circuit (Fig. 1) feasible. The most important 
component is cvidciitl}^ the ferrite core translurmer. It utilizes interleaved 
windings as shown m Fig. 2. The insulation between windings is silicone tape 
and it was impregnated with Z 920 silicone varnish. Ferroxcube pot coreH§ 
with the minimum unavoidable ah gap, helps to keep down collector overshoot. 
The core does not saturate in the 20 fi sec pulse duration which is controlled 
by choosing the value of C ( 0.03 mfd) suitably. The circuit works over a supply 

voltage range of 7.5** volts to 18 volts Tf the base bias i^ reduced, the circuit 
would work up to even 4.5 volts, but the repetition rate must not exceed 500 per 

♦Tho avorugo cairrorit in one of oi v unitB for OC 10 B, using a paired pulse drive ciroujl 
of Kondiah l yjje, exceeds 10 niA with » j-e petition ruto of only 500 per soeond. 

^l*hilip.s D..SG/22.10 00 III B1 " 

IS surprising to find that the GC 10 D operates reliably over a. pulse amplitude raugi 

of 100 to 250 volts, m this circuit, whevoHH tlio nianulauturer reconunonds only 144 + 50 volts 

— 12 

drive pulses. I’his has lioon verified in respect of all the twenty tubes we had m stock. 
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second, and tlie trigger pulfie width must, bo more Diaii 5 // sec. I'liis limitation 
in the repetition rate is probably due to tlie increase in the average d-v level of 
the drive pulses at higher pulse rate so that higher amidilude drive pulses vill 
be needed for a glow transfer. Also for a constant value of 0, reduction in the 
supply voltage necessitates a longer duratioji trigger pulse for inaiiitaiiiing regene- 
ration in the circuit. The current drain at 12 volts is only 2 niA with a }mlse 
rate of 6000 per second. The trigger pulsii need have a width of 2 microseconds 
and a little over 1.5 volts* in amplitude. vSuch a pulse is readily obtained from 
the preceding transistor binary. 



t“3 2 )j5cs feiToscube 

2 JPjDj Ferroncube 
4 Coil 

5. Cot-e Perroncuhe 
G Cojf Former 


Fig 2(u), DoHign ol the lAocking ORcillator t ronsrornior. 




A 


p 

! Secondary 

B 

C 


Q 

» Winding 
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F 

G 
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S 


B + r •» H - Primary Wjndjnq (ficWD) 
CCCIOB) 

C+r = See^-ndary Winding (ficiol/f 
P+S = 30 (ficio-B) 

- Feed bacK Winding (.GciOHJ 
R = 55 » (^OCioB) 


Fig. 2(b). Details of the coil winding of traiiRformer in tiio 
GCIOD and GC lOH cimiits. ^ 


The resolving time (and other performance data reported hci o) was measured 
ill the arrangement of Fig. 3 and was found hotter than 60 microseconds. The 



A ■ FJ*ed position Pulse . 
a » VmPldble dcloy pulso 

Fig. 3. Arrangomonfc for Iho moasuremont of the resolving limo of the on cud s. 


♦The amphiudo of tho trigger pulse should he a hi tie greater than 11 o Inno bias bn'^llcr 
bias makes the circuit more sensitive. 




296 


K. S. Patel and B. M . Banerjee 


oscillograms may be seen in Fig. 4a The large overshoot that follows each drive 
pulse in it (and also in Fig. 4b) rules out the possibility of glow resting on any of 
the transfer electrodes. Furthermore, an appreciable overlap is automatically 
maintained in these circuits (Fig. 1 and Fig. 5). Overlap ensures smooth transfer 
of the glow from the cathode to the first, second and third guides successively 
and adds to the inherent reliability of the operation of the tubes. 



Output/ of tho trau- 
Histor cItjvo cuc’uit 
for aC JOD 


Fig. 4(0,). Oscillograms showing the losjjonso of tho transistor drive cucuit for GO lOD, 
to two input jmlsua soparatod by an interval of about tiO/* sec,. 



tVavofonn at the 
collector 



B 

sistor drive eircuit 
for GO lOB. 


Waveform at 
guide No- 1. 





Fig. 4(b). Oscillograms showing tho response of the transistor drive circuit for GC lOB. 
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The surprisingly low cuiTeiit drain of this circuit pioiuplcd an ouquiry if ft 
circuit for GC 10 B could be developed on these lines which uoiilcl have much 
lower current drain. It was felt that the larger current drain of tlie paired ^nilse 
drive circuits (Chaplin, Kandiah) was due to two causes. First, one has to sujiply 
the power for storing adoejuate energy in the magnetic tields of the core, so that 
a large overshoot, necessary lor generation of the second pulse, is priKluced, 
Secondly, one has to supply the power dissipated in the back resistance of the 
crystal diodes that switch the pulses on the dekatron guide electrodes. It uas 
felt that an integrated pulse drive circuit (Ericsson Handbook) instead of the 
paired pulse, would have greatly reduced current di’aiii The l ircuii, as tiiially 
developed, is shown in Fig, 5 7’he resolving tune has not been sacnticed lu the 
least, in as much as the circuit counts correctly up to oOOO piil.scs jicr second, 
whereas the manufacturers specification is only 4000 pulses pei second. Tlic 
current drain at 5000 pulse rate is only J2mA at 12 volts nliicli re]U'esei\ts 
tremenflous improvement . 



Fig. 5. GC lOB drive circuit. 

The circuit works reliably over a sup])ly voltage range of 7.5 volts to IS volts 
and it will be seen (Fig. 5) that it is simpler than the paired inilsc circuit In the 
paiied pulse circuits of Chaplin and Kandiah, high back voltages to which the 
switching diodes across dekatron guides arc subjected, introduce a likely cause 
of failure. Kehability is further endangeied in these circuits as the transistor 
IS also subjected to the extremes of its ratings 

The design of the ferrite core transformer, the most important coinjioncnt of 
these transistor cireuits, is actually simpler than the paired pulse circuits, and is 
given in Fig. 2. A pulse width of (iO microseconds is needed by GC^ lOB and this 
IS adjusted again by choosing a suitable value for C. The oscillograms may 
be seen in Fig. 4b. The crystal diode across transformer primary (Fig, 5) not only 
clips overshoot, but also conserves current drain, as it rctui’iis a good iiarl of the 
magnetic energy back into the supply. 
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X-RAY STUDY OF CRYSTALLITE ORIENTATION IN 
AGAVE AMERICANA 

ANAND PRAKASH and V T), OUPl'A 

PjivsiL’s Dei’ABTmunt. University of Aliaiiabae, Allauabae 
{Fteceirtd, Ahty 2(i, lUWl) 

Plato VI 

ABSTRACT. I<’ollo\viiip iho nieiliori ovillmod by T. H JlTtirmaiih nnil oihms, a (jium- 
titaiivo study ot crystallito orionUition m agave uiuoi’ieami fibre luider vhijohh ]»liyHj(ia] coiaJi- 
tn)Uh IS earned oul. Jt is ibiind that imliki' many ol-Uer rclJulose fibies, the erjenltiliou of tlie 
erysiallitos jn agave umericaiui shows miprovemont on iKiatiuent wiih NaOtf. 'Plus is aseiiljod 
to (he removal of some iritoiorystallino constituents. 

Because of thoir textile importance cellulose fibios of (Ufleiciit kinds and 
origin arc probably the most extensively investigated ol all the uaturnl inatorials. 
They arc knov'ii to occur as Natural, Bast and Leal fibres. The detcrininatiou 
of crystallite orientation m a particular type of leaf libre-agave aineucaua 
forms tlie subject matter of the prosiMit investigation 

The problem, of crystallite oriciilal-ioii in fibres is not only of theoretical 
lutcrcsi but also ol practical importance as many of tboir physu'al and chomioal 
properties arc correlated with it. A (jiiaiititative investigation of the problem 
has been attempted by Sisson and (hark (1933), Berkley (1939), H. Hosemanu 
(1937) and Hermans and Hermans (1946) 4'ho probJom has liecn sturbod both 
from X-ray and optical metbods. The X-ray method is more useful because optical 
mcLliods furnish information merely as to the average orientation of the entire 
fibrous substaiKie, whereas the X-ray method gives orientation of only the, 
crystallite components. Tt is in ihis restricted seiisiJ ol orientation that a quanti- 
tative estimation by means of X-ray methods is made. 

The intensity distribution along an X-ray iutcr^ereucc (;irclc Ironi a poly- 
crystalline specimen in Avliich crystallites are orjented in some way, ofJers a pos- 
sibility to investigate the orientiation properties ol the material. This was first 
pointed out and the foundations for such investigation vi'ore laid by Polanyi (1921). 
Since that time a very large number of orientation investigation has been jiublished 
dealing with inorganic and organic materials of crystalline and semi-cr ystal line 
nature, following TlorniaiiSj and Hermans, the orientation factor is determined 
by the equation 

-1- siu^A) ■■ C) 
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where and are the angular distances along the equator for two paratropic 
interferences arising from planes approximately at right angles to each other. 
In taking averages along the arcs we assign weights G[^) cos and Gip) cos 
the value of p according to the shape of the intensity distribution I = G{P). Thus 

BiW == cos ^ 

' llQoipdjf 

However, since in those cases where (lOl), (021) overlap the intensity curve for 
(101) alone can not he determined, the following formula is used instead of (1) 

/* = 1.245 -- 1 .72 sin*^ - 2.06 sM 

where /. is the angle along the (101) — (021) circle relating to the total intensity 
of two overlap])ing interferences. This is based on K — 0.83 ' 

EXPERIMENTAL \ 

Raw leaves of agave americana w'ere retted as usual and the fibres obtained 
where thoroughly washed, dried and combed to ensure parallelism. Filtered CuK!„ 
radiation from a Seifert’s scaled tube working at 38 KV, and 1 8 mA was used 
with a specimen to film distance of 5 cm. and the specimen size, exposure time 
and photographic technique were standardised as far as possible. The photo- 
meter used was Moll’s recording type The film was cut into a circular disc of 
4.5 cm diameter and it was mounted on a rotatable holder fixed to the stage 
of the microphotomoter so that the rotation which could be made in stops of 2'’ 
arc took place about ihe centre of the photograph. At each setting the film was 
scanned radially by traversing the holder. Since the films were of low photo- 
graphic density it was assumed in the calculations that the X-ray intensity was 
proportional to blackening and was thus linearly related to the logarithm of the 
intensity of transmitted light. The results obtained arc given in Table I. 

TABLE 1 


Suuiplo 

Sm2/3i 

Sin-jBg 

fx 

NativB Fibro 

.041 

.Oflfi 

.8ij 

When troated with 18%NaOH 
and dried without ten.sion 

.026 

.0406 

.00 

Troated with 1B% NaOH and 
dried under tension 

.010 

.014 

.96 


Native fibre boiled with 2 %H 2 S 04 band mercerised with 18% NaOH — 0.75 
DISCUSSION 

Agave americana fibres are stiff, bright and comparatively thicker than 
jute in the native form. On treatment with caustic soda solution the strength 



I AKASH & GUPTA 


Indian Journal of Physics, Vol. \XXIV, No, 7 

PLATE VI 



Fig. 1, X-ray photogiaph of the fibre 
(a) Native fibic 

(b} Tieplcd with 17% NaOH, washed and dried 
without tension 

(c) Same as above when dned under tension 
(dj Dolled with 2% H 2 SO 4 and then 
inei censed. 
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of the fibre gradually decreases which is evidently due to the removal of ligiiiu and 
other intercrystallin© materials which may also be responsible for an ineomploto 
morcerisation. This is clearly seen from the X-ray photograph of the fibre treated 
with 18% NaOH (Plate VI). The photograph is a mixed one. Tlic partial 
reconversion of the cellulose to tlie native modification can as well he ascribed to 
the formation of crosslinks between cellulose chains in the neighbourhood of tli^e 
crystallites and thus creating a disposition in favour of the return i^o the' original 
configuration after swelling. This seems to be supported by tJie fact that the 
degree of moroerisation is more pronounced in a sample which is boiJetl with 
2% HaSOi before being mercerised because it loosens the crosslinks. There' is, 
however, also the possibility of the removal of some inteivrystallino constituents 
which effect meroerisatioii. Another iiileresting observation made about 
agave americana is that the crystallites are better oriented as a result of the 
treatment with NaOH. This may again be due to the removal of those mtercrys- 
talline materials which iniiicdo the rotation and alignment of the crystallites. 
How^ever when the fibre is first boiled with H3SO4 and then mercerised, the orien- 
tation decreases. This shows that the damage done on 1-1^1304 treatment far 
outweighs the improvement m orientation when NaOH alone is employed. 

A detailed study of agave americana from the scattering of X-rays at 
small angles and by emiiloying the techniques of electron microscopy is also being 
made and wnlJ bo shortly reported. 
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SOME OBSERVATIONS ON THE ENERGY SPECTRUM 
OF LOW ENERGY BREMSSTRAHLUNG FROM 
• ELECTRONS OF ENERGY < 10“ eV 

P. K. ADITYA 

DjiJPAIlTMjiNT OF VHYSICH, PaNJAB UnI VFKSI'L’V . OllANDIGARB 

{Heneived, May 4, 1900) 

ABSTRACT. Obflorvations have boon inad^ on tlio ont^rgy spectruni of photons of oporgy 
gi outer than HOMeV oniittod by bremsstrahlimg from high energy oloctrons ol lOH to 
10^" oV. Thia obaoivation is of inipoidance from the point of view of chocking the mfiyonco 
of tho fjonsity of the modium. No aignificant dojiarture from the conventional theory liUs 
boon obsoivod. 


INTRODUCTION 

Jii the past few years, a new aspect of the olectroflyiiainic theory of radiation 
has evolved from the theoretical preiUcd-ion of the Russian physicists Landau and 
Ponieranchuk (1953) and Ter-Mikaelyaii (1954), according to whom the probabi- 
lity of bremsstrahlung of low energy photons depends upon the density of the 
medium In the conventional theory due to Bethe and Hoitler (Heitlor, 1954) 
there is no such dependence. According to the new effect, abbreviated as L-P-T, 
the cross section for tho emission of low energy photons is predicted to decrease 
in media of higher density, as higher initial energies for the primary electron are 
ajiproacdied. This influence results from the multiple scattering of the electron 
and due lo the polarisation of the medium On the basis of quantum meehaniisal 
cousideralioas, Migdal (1957) has worked out the details of the effect. Curves 
suitable for comparison with experiment have been given by Varfolomeev et al 
(1958, 1959)* 

Nucleai' emulsions have a density of ~ 4 g.cni"^ and electromagnetic cas- 
cades initiaterl by isolated electrons or photons and by the photons from tho n'^- 
mesous created in very high energy mtcractioiis are readily available. For 
primary elec.tron energies greatet than or lO^i oV .e-nd secondary electron 
pairs due lo photons of a few MeV, one expects to check the validity of the 
theoretical juedictions. This article is meant to describe the results of our 
work and discuss these in the light of the other results available on the subject. 

* Thanks are duo to Profoesor Varfolomeev for tho communication of the praprint 
and tho ropi’int. 
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STATEMENT OF THE PROBLEM 

It is important to oonsider the problem in the liglit of the experimental ob- 
servations that can be made. One normally observes a soft sho^^’el■ and obtjiins 
its energy from parameters that involve the growth of the shower \\ hi(‘h is derived 
from the longitudinal development as given by the cascade theory or from the 
lateral spread (Pinkau, 1956). There are also alternative methods such as the 
suppression of ionisation near pair origin (Iwadare 1958) or t he true opening angle 
of the pair (Lohrmann 1955; Aditya 1959 a). The second pioblem is to detect 
the secondary pairs and determine the energy of each one of them. When both 
these quantities are known, the theory can in principle be put to Lost. 

It is well known that the intrinsic fluctuations (Aditya 1959 b) involved in the 
nature of the processes do not always permit a precise estimation of the primary 
energy. Results derived from one or a smaller number of cascades are thus subject 
to uncertainties This limitation can be overcome to a groat extent by collecting 
together a large number of cascades of about the same energy. Another factor 
that plays a decisive role, is the jnobabihty for the detection of low energy electron 
pairs. Tn nuclear emulsions the critical energy is 20 MoV so that one is 
not likely to detect pairs of energy smaller than this value with as good an 
efficiency as the high energy pairs. The detection efficiency is strongly dependent 
upon the experimental conditions of observation. 

There is yet another factor that influences our conclusions on the effect , 
as follows ■ The lack of low energy pairs is strongly dependent on the primary 
energy, so that one would like to take account of only the first generation pairs 
due to the brcmsstrahlimg from the primary electron anrl not those created liom 
the secondary" electrons This distinction between the jiairs of the various 
generations is not straightforward, but has been attempted by some workers 
(Bonisz et ah, 1959; Fenyves et al., 1959). Tn such a jiroccdure there is a possi- 
bility f)f introducing a bias towards the removal of more low t^nergy pairs than the 
high energy one’s. In the light of the considerations given above, the results (d' 
the present investigation arc given. 

EXPERIMENTAL DETAILS 

Out of a largo number of soft showers picked out from two stacks of stripped 
emulsions exposed in the stratosphere (Adityal959 c), 17 cascades have been selec- 
ted, the criteria for selection being good conditions ol experimental observation 
There is apparently no bias likely to affect the conclusions on the subject. 3 
cascades are associated with a nuclear disintegration (Aditya 1959 d), 5 are initiated 
presumably by a single electron entering the stack and 9 originate from a single 
pair. In each case the development has been normalised to a primary electron 
and the cascades grouped into two bunches : high energy (650, 625, 650, 600. 
500, 476, 360, 326)and low energy (250, 225, 200, 125, 50, 50, 40, 40, 40) groups. 
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The figures in the hratjkets give for eac*h cascade Ihe energy per electroji in 
CJcV. Ill the case of cascades initiated by a pair, the energy has iieen assumed 
to have been equipartitioned between the two electrons. These energies have 
in most of the eases been determined by the applii'ation of different procedures 
and the most probable value estimated The individual errors in the energy 
estimation arc expected to have been smoothed out as the cascades of about the 
same eiieigy have been grouped together. 

In order to keep the detection efficiency presumably cmistant over the entire 
energy region, we have not attempted to consider the eloetioii pairs of energy 
less than 30 MeV The resulting energy spectrum up to a distance of 1 5 cascade 
unit has been plotted in the Figs, la and li), for the two energy intervals 
The expected curves foi* the Betlie-Heitler and Migdal calculations have bcf'ii 
included for comparison We have made no attempt to sepaiate the pairs of 
various generations on aceonnl of the reasons already mentioned. In orjrler 
to decrease the mflueiKie of the jiairs of further generations, the mf.r’STi'cmcijts 
have been limited to only the first 1 5 cascade uiiii from the origin \ 



I. irjiicrf?y Hi»octruni foi oJncti'oii jiairs obsorvctl ovoi tho fiiKt 1.5 caRciidti loiiglli. 

The low'oi liiuii for aocojUiihlo pair onorgy luia been w't at 30 MeV (boo text) 

(a) 9 c-ascadoa of median omagy 50 (b) 8 caHoades of modian oneigy 500 

per oleetron. CJbV per oleeiron. 

From the figure, it may be seen that subject to the experinieiilal fluctuation 
a eonclusivc statement might not be made iii favour or against o^^e or the other 
theory. Since our ehergies are not extremely high, allowance has to be made 
for the possibility of the suppri^ssiou being genuine at higher energies, there being 
no measurable departure up to 600 GeV energy for primary electrons. 

DISCUSSION 

It appears useful to compare our results with those of other workers in tho 
field, Varfolomeev et al., (1958, 1969), have studied the spectra for primary 
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energies from 10^^ eV 1o 10^® bV. and secondaiy paii energies up to 1 .fi MeV. 1'hcy 
have found a signifieant departure from the TJethe-Heitler tlieory and agrecineut 
\rith L-P-T. Tt is vTjrtb considering that their lower limit of ^ 1 MeV is too low 
to guarantee unilorin detection efliciency over th(‘ entire range. In view of this 
it may not be laii to consider their measurements as having established tlie exis- 
tence of the effect. 

The second investigation is that of the Polish grini]> (Benisz r/ rW., 1059) 
who have studied 4 photon- initiated cascades out. of vhich tlirce ai’o associated 
v'ith a high energy disintegration and the fourth one is that of Miesovicz d. nl, 
(1957). The mean energy per electron is ~ 500 GeA^, ami they have attempted 
at the sepal ation ol the pairs of the first generation from the rest. The lack of 
low energy pair.s might well be accounted tor the introduced bias. Their energy 
region is the same as ours anrl since our statistie.s is relatively larger with no eficct 
observed, it may be coinduded that the effect if present at these energies is not at 
lea.st of the order suggested by L-P-T. 

There is yet another work hj the Czeeh-Hiingary group (Feuyves H ul.. 1959) 
in which they have studied the energy nxioctrum up to 1.5 cascade unit for a cas- 
cade initiated by a photon or ‘—2000 GeV Tnsjiib' of the fact that, tins energy 
is faii'ly high (in fact highci’ than oui energies and of Benisz ef al.) no departure 
has boon noted. The authors have attemiited at the sejiaratioii of the various 
generation jiairs and still observed no divergence from the eon volitional theory. 

In view ol the piesent investigation and of the investigation of other workers 
mentioned above, it may be coueludod that the decrease, of bremsstrahlung cross 
section for low energy photons is not ajjprcciable. 'fins work however does not 
prove whether the dojiarture would exist at highei* energies. 

A.ft(T this work had been finished, the results of the Bristol group (Powder 
(it al., 1959) have come to our iiotieo* The method is ha.sed uiion ineasLiriug the 
average distanee of materialisation of the first pair for two grouiis of cascades 
of different cnergios. Fiom the distribution ol these distances and the mean 
value for two groups of primary energy 10’^ eV and 10’“ cV, they found better 
agreement with L-P-T than with B-H. Their encj-gy of 10’“ eV per cleetron is 
much higher than most of the other invcstigatious and in view of the large statistics 
give evidence on the existence of the effect at eV. The actual magnitude 

of the suppression, whether it is as much as predicted, will have to be determined 
from the availability of larger statistics. 

♦Thanks aro due io Proftjsaor M. G K. Mouon for pointjng oui, ihis paper at the 
Ahmodabad vSymiiosium, whom thoso roBuIte wore roporiod -. Annual CoBinic Ray 
Symposium of iho Department of Atomic Energy, March 1959. 
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A HIGH INTENSITY NEUTRON GENERATOR 

S. K. MUKHERJEE, N. K. MAJUMRER and A. GANGULY 

Saiia Institute of Nucleaii Physu’s, Calcutta 
(iJecet-ucd, Maij 26, 1960) 

ABSTRACT. A 400 KV douieron D.C. accfthu-iitoi- of (^o<'ki'or( for produc- 

tion of neutrons by d~d and rf— ^ roachona, la doacnbod. S|n'cnil fouiuj-oa and pruicijjul opera- 
ting charactenatics of this gonorntor are diacuafloil. 


I . I N T R O D IT C T r 1) N 

A 400 KV Coclvrofl-Walton type douteroii acceleraior, designed foi' delivering 
f) niA of dcuicron ion lieani, had been planned, fabricated aiid installed in this 
institute and been operating regularly and efficiently for tlie last eighteen nionths. 
The oxotheiiuic nature of {d, d) and {d, t) reaction aiul its high cross section made 
this type of generator compact and low voltage one. The development and easy 
availability of the targets of dcuteriiini and tritium gas absorbed in Zirconium 
or Titanium, have given a strong impetus for building this compact low voltage 
unit for producing fairly strong sources of monoonorgetic y-free neutrons in the 
'A fiMeV and 14McV range. Jn fact, several reports (Peek and Eubank, 1956; 
HeiKsIralh, et (d , 1953, Loiraui, et al. 1957; Uonner, et al., 1959) of 
Huoh geuoratoi’B liavo appeaved in recent years in the literature. In ovii 
case, the aim was to produce and accelerate the must intense beam of 
deuteron ion that can he brought to hoai on the target of absorbed gas 
quite safely. To achieve this end, we have developed the ion source and the lens 
system m such a way as to focuss aii unanaiysed deuteron boam of 2.5 mA. Also 
the cooling of the target was thoroughly investigated so that m the end we. could 
focuss on the target a beam current of more than 1 mA. The principal character- 
istics of our generators are (i) ite high ion beam consisting of more than 90% of 
monatomic ions, obtained by suitable modifications of ion source, (ii) The high 
voltage 18 obtained by multiplying a high frequency voltage iii a cascade colurau. 
This is done both for the purpose of economy and reduction in size as also tor 
reduction in rippies and load effect. The filament supply of the rectifier column 
is separate and also of high frequency, (iii) The cooling of the absorbed gas target 
IS directly by refrigerant or liquid nitrogen, with an eye to the maximum possib e 
heat transfer, so as to bear as high an ion beam as possible on the target without 
exceeding its safe temperature of 70° at any time even locally. 
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II. C-W VOLTAGE GENERATOR 

The voltage generator ia, as usual, a voltage multiplying circuit baaed on the 
original Groinaohcr (1921) circuit, as improved progressively by Cock roft- Walton 
(1932), Gradsleiii (1936), Arnold (1 950), Lorram( 1949), etc. Particularly the masterly 
analysis of voltage multiplying circuits, by Bowers (1939), and by Mitchell (1945) 
have contributed handsomely towards the understanding and improvcmcuts of 
this type of voltage generator. Following the development by Douma and Brekoo 
at the Philips laboratory and the suggestions made by Lorrain, radio frequency 
was adopted for both the main High Voltage and also for heating the lilamcnts, 
We discarded the praclice of using power frequencies or othci* near Irecpencies 
In additioji to the marked economy in cost and equipments, a considerable reduc- 
tion in size was achieved by the use of radio-frequencies. Also a decided imjnovc- 
ment in the matters of ripples on the oiiljiut voltage and of voltage droji with 
load, was achieved through its use Although the presence of voltage ripple is 
not a serious handicap to its use as a neutron generator, still the smallest value^ol 
ripple voltage is aii advantage in achieving a sharply defined energy. In fa(it, 
the higher the frequency and the larger the capacity, the smallei* will be the ripple 
and load effect, 

The output voltage of a c,-w miiltipher unit can be written as 
V - 



^•2nJS-± . (2»+l)(«+l) .. (1) 

jc 3 

where a — number of stages in the nuiltijilier c.olumn 

E — peak input voltage 
A K — voltage drop due to loarl 
= ripple voltage 

?' current drain on the high voltage 
f = operating frequency 
C = condenser value 

The effect, of higher condenser and frequency values is apparent. , fSo also the 
desirability of limiting the n value. In practice, there is an upper limit to 
the frequency fhat can be usefully emjiloyed. Also the value of the condenser 
is decided by the bulk and the cosl. Some compromise is made between these 
conflicting factors and it was found that U)0 Kc/s and 400 Kc/s are two of the 
best practi(‘al values for the mains and filament heating frequencies, 'fhe tlieo- 
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reiical values of ripple voltage is 3 5F per niA of load curreut, aud of \oltiige drop 
due to load is 22 volt per uiA, assuming the value of n 1 and e -- 

The unit of a multiplying oirniii of our genernlor is sho^vii as lu the Fig 1, 
The C-W generator has several pairs of Eimae 100 R radiation tooled rectifier 
arranged m cascade supported by ctjual numbers of eondeiiserLS arra-ngetl m 
column. The tubes are encased in leaklight ptmspex tubes coupled to each other 
hy aluminiinu domes. The other arrangcmeiits t»f the column arc not far diflcreiit 
from that adopted at T'hilips laboratory. The filaments of the tula^s are heated 
by 350 Kc/s power oouiiled by fcrroxcube core transtormer Ifiato imvcr sii])])ly 
frcquenc-y is 75 Kc/s. The isolation of the two trequencies timu each otlier was 
ubtained by means of LC circuits resonant at the liJameiit lieatmg Itequency. 
The multiplier circuit is supplied by a iua.ster oscillator and pouei amjilifier- 
the on txmt of which is amplified by a vcr 3 ^ Ingli Q lesonant coil, which in turn 
tcMMls the multijilier column. The blcc^der rc'sistcwice is a chain of five resistances 
of 100 meg ohms each, which draus a current, of SOt) /lA at maxinniiii voltage of 
4(Kt KV. This eolunni of resistances is also encased in a p('rs[)ex tube to be filled 
icith silicone oil for bettei' stability. 



The total resiBtance of the column was measnml within an eiror of 0.1% 

It was observed that the rosistaneo column value remamcl fairly constant ov.w 
a long period of time. Percentage of ripple was determined by means of an 

3 
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oscilloscope, taking the output from the low voltage end of the resistance column. 
The measured value was found to he 7 volt per mA of load current. The voltage 
drop with 7 mA of load current is 140V. This agrees within close limits with our 
theoretical value as (lalciilated from the formulae shown in Eq. 1. The stabili- 
sat-ion of the high voltage was achieved by the stabilisation of the input H.F. 
voltage from the oscillator. This in turn was done by taking a small fraction 
of the voltage output and using them to correct any change in the D.O. plate 
voltage of the oscillator The power to the filaments of the transmitter tubes 
was fed through a magnetic; voltage stabiliser. The actual stabilisation achieved 
in this way was better than 0.1%. 

G E N E R A ARRANGEMENTS 

The plan of the general arraugeinonts of the high tension set, the acceleratling 
unit and the jiower supplying alternator is shown in the Fig. 2. The accelerator 
column consists of three numbers of silica tubes. Detailed description of the 
accelerating tube is given in the following section. The accelerating column 



Eig, 2. General plan of layout of C-W Gonorator 

is plac.ed vertically in our case — though w^e considered the advantages accruing 
from the horizontal alignment of the c;olumn which is very often followed in tlu* 
case of low voltage acceleratoi*. We are guided in this respect by the ease of 
assembly and alignment in the vertical system as also the .case of automatically 
providing high Aniltage insulation from the ground. The units for supplying power 
to the ion source and the focussing lens — all should be at high voltage and hence 
placed in a housing w^oll insulated from ground. The high voltage terminal housing 
is a polished aluminium dome rounded at corners to prevent corona loss. The 
four iirsulating columns for supporting this high voltage terminal are all made 
of 11" dia. per.s])ex tube sealed at both ends to prevent penetration of dust 
and moisture The outside surface of these tubes are treated and polished 
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with silicone fluid 1). C. 200 to prevent any adhesion of moisture on them. 
Inside the high voltage terminal are located (a) the radio-frequency ion source 
oscillator and its power supply, (h) the extracting voltage supply (0— 5KV), (e) 
the focussing voltage supply (0-15 KV) and (d) the cooling fans and liglit arrange- 
inents. The precision leak valve and its control together with the gas reservou’ 
are also located inside this dome. Appropriate meters to indicate operation of 
the above circuits are suitably placed in the dome with cleai perspex windows. 
Control rods in the form of perspex tubes come out of the housing from each circuit. 
The tubes are ojierated by remotely controlled system Mirroi- and telescope 
arrangements were made to obtain remote view of the H.V. Icrminal oiioration, 
An alternator for supplying power to the units in the high voltage terminal, is 
placed in a dome similar to the above. The alternator gimerates 110 V. A C. 
single phase, 800 cycles frequency. The alternator body is made of aluminium 
alloy, thereby ensuring a light weight The alternator rotates at 3000 r.p.ni. 
and is driven by a motor placed at ground end and the driving system rcciuires 
careful designs and high iusulations. 

In our case this is driven by a 3 H.P. A.C, 3 phase motor with speed of 3000 
rpin. The coupling system is a 2^" dia. perspex tube, 4 ft. long, suitably joined 
at the ends by means of universal couplings. No speed i eduction g(‘ars are em- 
ployed now. This arraugement is marked by simpliidty and dirertncss, though 
it required very careful adjustments at the beginning. An altci-iiate arrange- 
ment involving the reduction of speed of rotation of perspex shaft by a fiictor 
of 10, is in progress. 


ION SOURCE 

Several types of ion sources wore examined for suitability of their uses in 
this particular instrument. Of these, two types immediately recommended them- 
selves by reasons of stability, long life and ease of maintenance. One of them is 
the Radio-frequency ion source and the other the Penning Cold (Jathodc ion 
gauge type. For low power consumption, circuit simplicity and eoinpaidness, 
the penning tj^pe source seemed better. But for high ion yield, ami for high 
percentage of atomic ion in the beam, R. F. tyjie source has hardly any equal. 
iSince our instrunieni requirement is for highest atomic ion beam consistent with 
low gas consumption, R F. ion source became our obvious choice. 

In our design, we adopted the Oak Ridge type with some modifleations for 
higher ion yield. The discharge tube is a 1" dia, Pyrex glass tube, (i long, 
sealed to the metal plate by means of gasketed flanged joints. The Extraction 
eaiial is of pure aluminium 1/16" dia. x 3/1 6" long. The cover glass for the canal 
is of pyrex, — its top grounded flat and polished (Fig. 4). A triode 3/300 tube was 
used in an ultra-audion circuit to provide a maximum poAver output of 300 Avatts 
at 75 mc/s. The coupling Avas done by quater wave transmission lines , glass 
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Jeak to the tube was ooiitrolled by a finely adjustable leak valve. A strong 
magnetic' field was provided around the canal tip. The life of the glass tip and the 
aluminium canal depends greatly on the beam current extracted throughout 
it. Jji our case the aveige life of the canal and the tip is more than 200 hrs. The 
part played by cleaning of the discharge tube can not be over emphasised. 
The method of cleaning by diluted hydrofluoric acid was found to be good and 
occasional cleaning by this method tended to increase the ion output. 

Deuteron currents approaching 4 6 mA at 4 KV extraction potential could 
be obtained from this ion source. The beam divergence was small enough to bo 
focussed liy an electro static lens ^vithin a Hjiot of 3-4 min at a distance of 1 meter. 
Of coursi* this rerpiircd increased gas feed to the source and a longer canal dnamotcr. 
Experiments on monatomic, ion percentage in the deuteron beam current showed 
that (|ualily of glass of the ion source and its annealing conditions have a strong 
influence on the high monatomic ion percentage It was also found that aftei’ 
more than 200 hours running, the ion source tended to produce a lesser vield \ot 
atomic ion percentage. This is probably due to vitrification of the glass mateiiaJi. 

N^ACUUM SYSTEM 

'Phe iniinping nnit initially consisted of one 4" oil diffusion pump backed by 
a rotary mechanical pumii having a free air displacement capacity of 140 lit/min. 
The oil diffusion jmmp was designed and fabricaterl by us and it developed an 
uiiballled puminng sjiced of 275 lit/sec at 10"'^ mm llg The mechanical pump 
developed a backing pressure of (>xl()'*mmHg and speed of 0.7 lit/sec when 
the system was running with no gas load A refiigerated optical balflo using 
J^'roon-22, was employed to trap all the back streaming oil vapour and keep 
the accelerating tubes and target chamber free from traces of oil vapour. The 
actual pumping sjieed develoiicd with this baffle and system was 140 1/scc at 
1 y l0"'"mmHg. To handle increased gas feed to the ion source at the time 
of increasing ion beam current, and also to handle occasional gas bursts, provision 
of another 4 " diffusion jmmp was made. This later pump was designed Avith an 
cyi‘. to its ability to handle larger throughput. The baffle system of tins pump 
Avas made m 1 avo stage. One was a water baffle and the second a freon cooled 
refirgetated baffle. The temperature of the water baffle, was designed to bo of 

The vaiiuum measuring gauges consist of one therm o-eouplo gauge for Ioav 
vaccnin range ( 1 mm to 10"^ mm) and one hot cathode ionisation gauge for high 
A'^acuum range (10“^ to 10”® nim Hg). Adequate provisions of ion gauge control, 
interlock system of high vacuum with ion gauge, water How, refrigerating cooling 
unit and diffusion jiump heater, were arranged. Weston seiisitrol relays were 
freely usiid for these control. The r.l. ion source at its normal operation consumes 
nearly 10-15 cc. of gas at atmospheric pressure per hour. Tliis means a leak 
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load on the high vacuum side of the accelerator tube. The ultimate vacuum 
in the accelerator tube M'ith no gas load, as measured by the iouiaatioii gauge at 
the ground end of the tube, was 2xlO'«minHg aufl the vacuum uith the ion 
source and the ayelein running, was bettor than 1 x Id ® mm Kg. 

A C’ C E L E R A T 1 N a CO L U HI N 

The accelerating column forms the most im]jortant item m the neutron 
generator. This consists of three silica tubes each of fi" i/dxld" long with wall 
thickness oi 1/4'' and flanged at each end. These are joined together by means of 
aluminium plates liaving grooved gasket, on eac'.h face. Tlie plates and the silica 
tubes arc clamped together and covered by means oi ring shajied polished alu- 
minium domes. Each ahnnmium plate carries a lens. These lenses are tormed of 
spun co})per tube, heavily ehromiuin jilated. The shape, gaj) width, diameter 
and other configuration of the lenses are given m the Fig. li. Each gap is screened 
fi'oni the silica tubes wall to avoid any aceumulatiou of elect l•ostatlc charge by 



Fig. 3. Ion accoloration column. 

tlie insulator wall. JBecause of the particular mechanical set up of the lense system, 
good alignment is automatically assured at the time ol assembly. Fig. 4 is a 
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sketch of the focussing electrode together with the ion source assembly. The ion 
source is mounted on a gasket in a plate on the other side of which the focussing 
system is integrally mounted by means of a high voltage ceramic seal. The ion 



Kig, 4 It. F. ion source. 

source can be aligned with respect to the probe canal and the focuHsing lens by 
means of a set of removable adjusting screws. These adjustments are to be made 
when the system is running. The arrangemoni<s of the lens system is such that 
the major j^arl of the accelerating voltage is developed across the last lens gap. 
As a result the beam is focussed on the target, at a distance of 1 8 metres from 
the ion source, under all values of high voltage exceeding a (jcrtain minimum value. 
The focal length of the last lens is almost constant irrespective of the voltage on 
it as it falls on the asymptotic region of the/-v curve (Fig 5). 



Fig. 5. Peuteron energy in KV. 
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TARGET ASSEMBLY 

As this iiistruiiieiit is a high curreiii one and inoaiit for higli neutron flux, 
the design of the target system, x^artieularly its cooling, calls for earelul attention 
and examination of details. Our instrnment is designed to operate with either 
tritium or deuterium target, l^or (D, T) reaction, Tritium ga.s absorbed in tita- 
nium and mounted by evaporation on copiier, was used. Both the thick and 
the thin types were employed, depeuding on the necessity of particular cxjieri- 
ments. The useful life of a target depends on the efficiency of the cooling systeni 
audits ability to transfer the maximum amount of heat uithout allowing the 
target to exceed the safe temperature of even momentarily. The 

development of hot spot on the target is to be carefully avoided. 

We have used several types of target mounlings and cooling arrangements. 
First one we used is shown in Fig 6(i), The cooling was done by precoolcd w ater 
forced directly on the underside of the 1,arget in a jet at a maximum pressure of 
30 Ibs/sq. in. The target intercepts the beam at an angle of 45", and also there 
is an arrangement to rotate the target at a slow rate by means of motor and gear 
assembly. An offset in the target manifold enabled one to bring the sample for 
bombardment within 4 cm from the target. The jierformance of the target is such 
that at 200 Kv iq) to 450 //A of unanalyscd deuteron bisam can be brought to 
bear on the target. The neutron yield under this condition is about 4x10^^ 
ll/sec. The target temperature rose up to 70"0. The inechanieal puini;) outinit 
was monitored for traces of degassed tritium T’he target life was understand- 
ably short under this condition. 



Fig. 6(i). yvator-coolod osoillating target. 
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We changed this target arrangements in favour of another in which cooling 
is done })y means of a refrigerant. The arrangement is shoAvn in Fig. 6(ii), The 
minimum temperature that the target attains is 8°F. The gas used is Freon-20, 
and the capacity of the refrigerating unit is more than 4000 BTU/hr. ; under this 
condition more than 850/eA of deuterou beam at 200 KV, was put on the target 
and continuously operated. For short run not exceeding 1 hr. at a time more 



6 (ii). Targ(5t. cooling systoni. Rt'frigtirani-cooloil target 


than 1.5 inA was tolerated without exceeding the safe limit of target temperature 
of 75‘'(^ Temperature mcasureineut w'^as done by means of a pair of differential 
thermocouple attached to the target. The iiiaxinnim neutron yield obtained was 
more than 3 X 10” n/sec. The beam on this target which is not. a rotating type, is 
purposely defocussod on an area of approximately 3/4", and is thus designed to 
1 ‘over the entire useful area of the target . In this target the bombarding sample 
can be brought within less than one cm of the target. 


8till another tyiie of target cooling was designed Ibr use with licfuid nitrogen 
coolant, but this was discarded in favour of the refrigerant cooled unit in view'^ of 
the frequent attention that the former tyjic requires. In all these types the mam 
source of trouble is tlie deposition of carbon, the target assembly due to the traces 
of oil vapour present from the dUTiision pump. This trouble was eliminated in the 
refrigerant cooled unit by xnoviding a (cooler guard ring around the target on w'hich 
most of the vajiour dejiosit, thus keeiiing the target free from contamination. 


ADJUSTMENT 

The ion acceleration system needs very careful adjustmonfcs and precise align- 
ment in order to obtain the maximum ion beam on the target. This is 
important, otherwise several undesirable characteristics Avill aiipear. Some ol 
the more important of such unwanted characteristics are ; 

(i) the radial and axial drift of the focal point of the ion beam, with change 
in acceleration voltage, 

(ii) change or fluctuations of accelerating voltage with variation in load. 
These factors were eliminated wdth proper care in design and alignment. The' 

ion acceleration systems were first mechanically aligned to a high degree of 
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precision with respect to the last lens. This was supplemented by a further 
adjustment in the rumiing condition. The adjuatmont ^’'as made to make the Jon 
beam maximum and by this method the ion optical axes of the ion source, 
focussing lens and extraction xirobe lens were brought in one line, 

M E A S U 11 E M K N T OF ION C IT K II E N 

Accurate measurement of ion beam current f]*ee from all ambiguities due to 
secondary electron emission and additional secondary loii collection, is very 
important. Due caj‘e and precautions were exercised to measuK' this Tlie 
most direct way is to use a Faraday cage and this cage was used in ])reliminary 
stages to measure the current. When ion beam current is high, the colorimetric 
method is convenient We have measured the rise in temperature at targei, by 
means of a differential thermocouple. The ion beam current could only be held 
steady to within 0.5 to 1 % under good eonditions. The ion current w^as ioiiiid 
to be very sensitive to any change in pressure in the ion accel(M*ati(m tube and 
steady beam cnri'ent could only be obtained if occasionaJ gas bursts in the acce- 
Ici’ator tube is kept to a minimum. To this end, twofold means were employed ■ 

(i) keeping the vacuum system scrupulously clean and elironiniiu jilatmg 
the lens system, 

and (ii) using a diffusion pump unit of high onougb sjieed, capable of handling 
a large thorongliput without undue rise in ambient pressure 

NEUTRON FLUX AND SPECTRUM 

The neutron flux was measured by throe im^thods . 

(i) by moans of a calibrated neutron counter 

(ii) by means of threshold detectors 

and (iii) by means of nuclear emulsion plates. 

In the first method, we used a BFg eouutcr (containing enriched ]3>») in a 
long counter geometry. This counter was previously calibrated very carefully. 
Its advantage is that it is iniensitivo to y-ray and inherently stable and has very 
low background, and disadvantages are that it is sensitive to neutrons of lower 
energy and hence could not discriminate against scattered neutron background. 

In most of our experiments, the fast neutron flux iiieasuremeuls weie made 
by activation of some selected element, based on neutron threshold reaction. Its 
main advantages are (i) it is insensitive to neutrons of energy below the threshold, 
(hence to most of the scattered noutrons) and (ii) it is capable of measuring flux 
without causing significant perturbation in flux distribution. In our case 9.1) 
min activity of Cu«» (n, 2n) Cu«2 was used lor this flux measurement. The 
threshold of this reaction is 10,65 MeV and the adopted value of its cross-section 
4 
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is taken to determine any 6.1 min activity of Cu*®(w, 7)00®® if it was produced, 
since the presence of low energy neutron or thermal neutron may cause this later 
activity to contribute to the total activity and cause errors. However, since 
Gu®^ is positron emitter the separation of this activity from that of Ou®® is not 



Fig. 7. Neutron yiold curve as function of deuberon onorgy 

difficult. Wlicre bombardment time is longer (i.e. more than 30 mm) we have 
used the 14.8 hr. activity of AP’ (w, a) Na^^ having an effective energy of 
8.1 MeV for calibration. Na'^'* being both (i and y active, we have measured the /i- 
activity by means of an end window G.M. counter and the y activity by means 
of a y-spectromctcr. The results from the two measurements agree closely. 

The nuclear emulsion plates were used to measure the neutron Iluxos as well 
as the spectrum of neutrons emerging from D—T reactions. We used Ilford 
plate of emulsion thickness of 200//, and these are exposed at an angle of 5” to 
the incident neutron. The measurement of the proton tracks released by the in- 
coming neutrons in the emulsion, yielded the fast neutron spectra [Figs. 8(i) 
& 8(ii)J with plate both shielded and unshielded are given in the figure. The 
spectra from an old target is also given. The presence of D^D neutrons (of 
3 5 MeV energy) can be seen. 

The degree of reproducibility and accuracy in flux determination by the above 
methods, have been checked by several independent measurements. A typical 
determmation of the flux by moans of several methods is given in Table I. 
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Fig. 8 


Fig. 8(ii). 



En (MeV) 

■NTeulron on orgy 

(i) kSpocl-rum of nodtroiis fioru TT3 Eo4 dptcHtor in a chixnnol ol’ 
^vatei’ and paraffin slnold), 



Neutron energy 

Spectrum of D-T neutron from an old target , Detector unshielded, 
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TABLE I 


Operational condition 

Method of measurement 

Value of neutron 
flux in njsGC. 

Dcmttu’on beam 

Energy 1 90 Ke V 

irradiated Cu foil and meaHiiromont of acti- 
vity of from GM®S(n, 2n)Cu^^ reaction 


Doutoron beam 

Curi'ont “ 580 fxn 

irradiated Al foil and moa.surement of p- acti- 
vity of from j4/27(n, a)iya2‘i reaction 

8.5x1010 


irradiated Al foil and measurement of 1.38 MeV 
y — activity of from the above reaction 

8 3X1010 


Nuclear emulsion plate Ilford C2 200p, thick 

8.5x1010 


Calibrated RPi long counter 

9.2xlO’o ^ 


(/alib rated fast neutron counter 

8 9x1010 ^ 
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INFRARED SPECTRA OF URANYL PHOSPHATE, 
OXALATE, AND SALICYLATE IN THE 
SOLID STATE 

1C. V. NARARTMHAM 

Department op Applied Physics, Madras Institute op Technolocy. Chuomepet, 

Madras 

(Itecuved, April 8, 1900) 

abstract. The infrared speetra of thieo coinpoiiiidH. urunyl jdiosplmte, iiranyl 
oxalate, and uranyl salicylaki have been Biiidiod in tlio region 2 -24/x using potassiuin bromide 
(liso and nujol mull nielhoda About 35 bands in Ihe rase of jihoaphale, 25 in tho rase ol oxalate 
and 40 in tho case ol' salicylate are oblaiiied fioni both those inotliods. The vibrational 
froquoncies obtained from the infra-rod woilc are ooirolaU'd with tlioso obtained lorm flouros- 
ceiice experiments. 


INTRQDXJCTlaN 

(3()Vii and Wu (1938) are lire first to study the iufra-rod and Raman S])cctra 
of uranyl acetate, nitrate, chloride and mdpliatc and cstahlish tho frequencies 
800, 210, and 930 cim"^ characterising the uranyl ion. The infra-red spectra of 
a numher of simple and double uranyl saltjs were stutheil later hy Locomto and 
Rreymauu (1941) who coiifinned tlic above frcqvieneies. Sevchenko and Stepanov 
(1949) studied the spectra of the uranyl aeetate, nitrate, .sulphate ami potassium 
sulphate m the region of overtones of the above frequeiioics and eanic to the 
conclusion that the uranyl ion is Imcar m the case of acetate and nitrate and beni^ 
m the ease of sulphate and pota.ssium sulphate,. All the above workers confined 
tlieir mvestigations to the NaCl prism region only i o., up to 1.5 /t. 

In tho present mvestigalion, the infra-red spectra of three oompounds, uranyl 
phosphate (HUOjROi . 4HaO), uranyl oxalato (UOj(COOH)j 3HjO] and uranyl 
salicylate, UO,LCoH 4 (OH)COOJ 2 have been studied m the region 2-24 /i. The 
phosphate has been studied for the first time. The oxalate and salicylate were 
also studied by Locointe and Frcymann who, however, obtained bauds, ony 
in the region 800-1600 cin->. Even ui this region, tho positions of the absorption 
bands have been indicated in a table but the actual values ol the Irequeiicies wore 

not glVCJl. 

EXPERIMENTAL TECHNIQUE 

The infra red spectra are recorded using two different methods : (1) potassium 
bromide disc method and (2) nujol mull method. In the case of KBr disc method 
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(Ford an<i Wilkinson, 1954), a Hilger automatic double beam prism spectrometer 
has been used with a rock salt prism for the region 2-15 fi. The wavelength scale 
is linearly calibrated in microns and the dispersion is 4,5 cm per micron. Cali- 
bration marks are made on the recorder chart, at regular intervals by a small and 
rapid deflection of the pen. A mixture of between 0 . 1 and 1 .0 per cent of the sample 
and chemically pure potassium bromide is grinded into a fine powder and then 
pressed under vacuum to produce clear and transparent disc The advantage of 
this method is a better distribution of very small particles in the suspending 
medium and the elimination of the obscuring bands which occur with mulling 
agents. 

In the case of nujol mull method, spectra are recordefl on a single beam 
Perkin Elmer infrared spectrometer (Model 122) with substaiices suspended in ; the 
nujol mull, in the region 2— 24/i using the sodium chloride and potassium broiMde 
jirisms. To obtain the absorption only due to substance, the transmission curve 
of the nujol is also recorded on the same record chart with the same experimental 
conditions. After substraclhig the absorption due to nujol, the transmission coefli- 
cients have been calculated for each point and a graph is drawn between the 
percentage transmission and wavenumbers. 


RESULTS 

A comparison of the frequencies of bands obtained from the potassium 
bromide disc and nujol mull methods, show's that there is reasonable agreement 
between the two data. However, the absorption bands with the potassium bromide 
disc method are sharper and better resolved than in. the ease of nujol mull method 

The frequency values of the bands are given in Tables I, II and III and the 
(!iirves are given in Figs. (1 to 9) The UOo'*'"*' ion fumlamcntals are recorded in 
all cases. A few bands could be also combination bands. The large number of 
other hands may consist of combinations of Uj, Cg and Ug of UOa *'^ ion or funda- 
mentals, combinations and overtones of other radicals of the salts. Prominent 
examples are the bands due to water of hydration in the 3400-3500 cm“^ region 
and the C = 0 frequencies in oxalate and salicylate occurring in the region 1600- 
1700 cm-i. 

The fluorescence and absorption spectra of these cjompounds are also studied 
the author at liquid air temperature with powder samples (Details of these 
results will be published clsew'hero) It is found that the phosphaie and oxalate 
are fluorescent and the salicylate has not shown any fluorescence at all. The 
ground state frequencies obtained from the analyses of the fluorescence spectra 
are given in the third column of Table I, II, and III for correlation of the results. 
It is seen that there is good agreement between the various data, 
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uoifisinigutijx % 


UOIb'HrtUb'UlT.TJ^ % 


Wave length in 

Infrared absorption spectrum of uranyl oxalate (KBr disc method) 





Wave numbers in cni^i 

Fig. 6. Infrared abs^onition ^eetrum of nranyl salicylate (Xujol mull method) 





Tiaiifniissioii ®3 % Transmission % Transmission 
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•Wave Tmmberg in cm-i 

Infrared absorption Hpeotriim of nranyl jdiospliatc (Nujol mull method) 



Wave numbers in oiu- 1 

8. Inlrared absorption spectrum of uranyl oxaluto (Nujol mull method) 



Wave iimnbers m om-i 

Fip. !*. InfvHicd iibscrption spectrum of uianyl ealicylaie (Nujol mull methed) 





Infrared Spectra of Vranyl Phosphate, etc. 

TABLK I 

Infrared absorption bands of uranyl ■|:)liosphato 


Wavenumber of the band in oin-^ 



Potassium 
bromide disc 

method 

Niijol mull 
luothod 

Fhiorosc'onco 

Heiiiarlcs 

1 

2 

3 

4 

(i71 (w) 

704 (m) 

r»60 (v8) 

607 (w) 

616 (m) 

666 (w) 

680 (w) 

707 (m) 



818 (w) 

723 (w) 

749 (B) 



828 (m) 

862 (w) 

877 (w) 

834 (fl) 

828 

j^i fundninontal 

921 (vs) 

938 (w) 

054 (w) 

926 (vs) 

909 

Va liuidamental 

1011 (vs) 

1119 (vs) 

1369 (\v) 

1020 (a) 

1110 (vs) 


182 + 828=- 1010 
182-t 021 = 1103 

1401 (s) 

1420 (s) 

1468 (s) 




1484 (m) 

1656 (e) 

1712 (w) 

1600 (vs) 


2 >/ 828=1666 

1848 (m) 

1972 (w) 

1900 (m) 


2x921 =1842 

2079 (m) 

2278 (w) 

2180 (m) 



2841 (w) 

2986 (w) 

3067 (w) 




3165 (va) 

3426 (va) 

3130 (va) 


Watoi' of hydratioT 
Water of hydratioi 


m — ^modiuni; a — strong; vs — very strong; b— broad. 
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TABLE II 

Infrared absorption bands of urany] oxalate 


Wavenumber of the band in cm-i 



Fotasaium 
bromide disc, 
method 

Nujol mull 
method 

Fluoresconco 

Homarks 

] 

2 

3 

4 



257 

Vz fundamental 

072 (w) 

625 (w) 

636 (w) 

675 (w) 

009 

Oxalate frequency 

710 (w) 

723 (B) 

756 (w) 

725 (m) 


3x257 = 771 

796 (w) 

803 (s) 

' 849 (w) 

806 (b) 

870 (m) 

875 

fundamental 

928 (vfl) 

947 (b) 

1123 (w) 

961 (vb) 

1130 (w) 

901 

p ^fundament al 
849 + 257 « 1106 

1269 (B) 

1316 (in) 

1356 (in) 

1250 (b) 


8494 2x257 = 136 

1383 (w) 

1473 (w) 




1606 (B) 

1629 (vh) 

1686 (h) 

1700 (s) 

1072 

0=0 frequency 

1920 (m) 

2907 (w) 

1950 (w) 

3210 (B) 


2x947 = 1854 

3378 (a) 

3546 (w) 



Water of 
hydration 


TABLE III 

Infrared absori)tion bands of uranyl salicylate 


Wu,vcnuiiibor of tho band in 
Fotaoaiuni. 

broinido diac INujol mull ^ f f Fiemadcs 

method method 


530 (8) 
657 (w) 
680 (b) 

697 (w) 
616 (w) 
653 M 
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TABLE III {coiitd.) 

Infrared absorption bands of uranyl salieylate 


Wavenumber of the band in em-i 


Potassium 



cromido diso 

Nujol mull 

Henuiiks 

method 

method 


1 

2 

3 


fi69 (w) 

«95 (b) 

7r)6 (VH) 

676 (ill) 
700 (8) 

755 (vb) 

803 (m) 

827 (m) 

848 (w) 

819 (s) 

869 (w) 

875 (m) 

892 (111) 

870 (8) 

929 (V8) 

1033 (w) 

1101 (m) 

945 (vfl) 
1035 (w) 

1147 (m) 


1100 (w) 

1219 (111) 


1242 (ni) 

1309 (w) 

1319 (w) 

1250 (vb) 

1340 (m) 

1385 (vs) 

1393 (w) 


1420 (m) 

1466 (vs) 

1488 (m) 

1440 (vs) 

1517 (m) 

1546 (m) 

1697 (w) 


1616 (s) 

1653 (w) 

1805 (w) 

1600 (m) 

1949 (w) 

2800 (b) 

3216 (m) 
3307 (0) 



Pi fundamonlal 


v-x fuiidftuieTilal 


C=0 froquoncy 
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SINGLET-+TRIPLET ABSORPTION IN HALOGEN 
SUBSTITUTED TOLUENES* 


J. K. ROy 

Optics Depaiitment, Indian Association poh tue Oultivation op Science, 
CADCU'rrA.33 

(JHeceited, May 27, 19G0) 

ABSTRACT. Continuous smglot-^irii/lot absorption 111 tJio near ultra\uolot rogion duo 
to orthobromotoluone, pavatihloroioluono and niotaftiiorotoluono m the liquid statu has boon 
invoatigatod. It has boon obsorvod that tho region of abaorption shifts grailually towards tho 
rod with tho moreaso 111 tlio atoinio weight of the substituent halogen atom. Tho Jumiiiosconoo 
spoetruin duo to jnotufiuorotoluouo in tho solid stato at — 1 80*^0 has also boon studiod, and 
tho lummosoenco bands have been found to bo weaker than thoao duo to oliloio- and bromo- 
toluene. 


INTRODUCTION 

IL 18 well known that Lewis and KaBha (1944) lii'st sugycKled that the phos- 
phoresconce exhibited by many pure substances arc due to transitions from tho 
triplet state of the molecules to the lowest singlet state. Lewis and Kaslia (1945) 
also observed singlot-^triplet (S“->T) absorption in pure para dichlorohonzeiie, 
dibenzalacetone, nitrobenzene and phenazine. Jteid (IbfiOa) next observed 
(S-->T) absorption bands in pyridine in the liquid sfaie at loom tcnijierature and 
in ethylene in the vapour state (Roid, 1959b). Lafer, Kasha (1952) demonstrated 
that tho siiiglet->triplet absorption in aromatic compounds is strengthened not 
only by heavy substituent atoms in the iiioleeule but- also by such atoms in 
surrounding solvent molecules in any solution. McCbiie d al. (1954) observed 
absorption in para diiodobeiizene, jiara dibromobenzene, biomobonzcnc, 
/y-iodochloro-and ^-lodobromo naphthalenes, 1.3, 5 -tribromo benzene and 1, 2, 4, 5- 
(ietrabromobcnzenc, but they did not Bud any such absorption in para dichloro- 
benzene, para iodobiplienyl and nitrobenzene either at the room temperature or 
at liquid nitrogen temperature. The apparent non-appcarcnco of any S-T hands 
in the above cases was attributed by them to the difficulties of separating the very 
weak and diffuse S->T absorption spectra from the normal singlet-^singlet 
absorption. Biswas (1954, 1955a & b, 1956a & b) and Sirkar and Biswas (1956) 
observed luminescence bands in some halogen substituted toluenes and although 
Biswas (1956) looked for the absoiqjtion band responsible lor the emission he was 

*Commuaioat-ed by Prof. S. C. Sirkai' 
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unable to detect any strong S— absorption. Recently, it has been shown by the 
present author (Roy, 1959) that the luminescence in parachlorotoluene in the 
solid state at “ISO^C takes place after direct S —T transition. 


It was thought worthwhile to investigate whether any singlet -^triplet 
absorption is exhibited by these compounds and whether the intensity of such 
absorption depends on the atomic weight of the heavy substituent atom in the 
molecule as reported by previous workers in other cases (McClure, et al. 1954). 
In the present investigation the singlet -^triplet absorption in metafluoroto- 
luene, parachlorotoluene and ortho bromotoluone have been studied using a long 
absorbing path. 


The luminescence spectrum of pure metafluoro toluene in the solid state at 
— 180°C has also been investigated and it has been compared with the spectra dno 
to chlorotoluenes and broraotoluenes reported by previous workers (Biswas, 195ba 
& b). \ 


E X 1* K HI M K N T A L 


The liquids orthobromotoluene, parachlorotoluene and metafluorotoluene 
of chemically pure quality suiqilicd by British Drug House (England), were distilled 
several times under reduced pressure and fractionated to remove traces of im- 
purities. For studying the absorption spectra of the above substances in the 
liquid state/ at 24°C, a 10 cm. long pyrex glass cell provided with plane jiarallel 
(juartz windows was used. A 250 watt straight filament lamp in glass envelope was 
employed as the soiircie of continuous radiation in the near ultraviolet region The 
absorption spectra of the substances were photographed on lllord HP3 films 
using a Hilgcr medium quartz spectrograph having a disxiersion of 22 A/mm in the 
3500 A region. The time of exposure varied from a few seconds to half a minute 
and the width of the slit was about 0.10 mm. Iron arc spectrum was recorded on 
each spectrogram as comparison. The absorption spectrum of benzene was also 
recorded for comparing it with the spectra of the disuhstituted benzenes mentioned 
above. The mierophotometric records of the spectrograms wore obtained with 
a self-recording Moll microphotometer supplied by Kipp and Zonen. The ab- 
sorption spectra were calibrated with the help of the mierophotometric records 
of the iron lines after drawing a thin and straight refercncje line across the spectra, 
coinciding with a knbwii iron line. 

The luminescence spectrum of pure meta fluorotoluene ui the solid state at 
— IHO^C was investigated with the arrangements used previously by Biswas 
(1956a). 


RESULTS AND DISCUSSION 

The mierophotometric records of the absorption spectra due to pure ortho- 
bromotoluene, parachlorotoluene, metafluorotoluene and benzene are reproduced 
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in Figs. 1(a), 1(b), 1(c) and 1(d) respectively. The iTfereiicc line in the recortls 
is the 4046 A lino of merc ury. 

The main bands in the lummesrenee spectrum due to inetiifhiorotolucne 
in the solid state at — 1 80*^0 with their widths ajid estimated intensities 
(s— strong, medium, W’— weak, etc ) aj-e given m Table X. 



-> p 


Fip. 1. (a) o-Br«moioluoTiL- (6) jj-Chlorololuent.' 

(fi) wFJuorotolueiin, (d) Bon/cno 
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TABLE I 

uce apoctra of fnetafluoro toluene a 


Position of 

tlio hands 

V in ciii-i 

Width of 

the bonds 

in cni"t 

l^ifferencoB 

from Iho 

1st hand 

in cm-i 

2496B (w) 

436 


24072 (w) 

725 

896 

23419 (fi) 

603 

1555 

22521 fm) 

558 

2447 

2] 701 (s) 

948 

3207 

20910 (vw) 

765 

4058 


i:) i S C IT N S T O N 

(a) AbM}tj)ii'On upeclra due to HnujlH —> iripht iramibon. 

11- IS well known (Lewis and Kasha, 1945) that benzene shows a weak S-->T 
aljsor])tjon in the region (11300-11700) A. This is evident from Fig, 1(d). The 
ahsoiption duo to metafluorotoluene reproduced in Fig. ](e) appears to be similar 
to that due to benzene (Fig. 1(d)). This similarity indicatc^s tlu' existence of ver y 
weak S->T absorption in metafluorotoluene. Fig 1(b) and 1(a) show that as l-hc 
fluorine atom is replaced successively by chlorine and bromine atoms, the R— >T 
absorption becomes much stronger and the region where tlie absorption staris 
shifts gradually towards red. Further, absorption curves due to orthobroniu- 
toluenc and parachloroioluenc show steejier rise in this region than in the 
case of either metafluorotoluene or benzene. These results are similar to l lmso 
reported by MijClurc pf al. (1954) for substituted napt-halenes. Tt is evident from 
results of the present investigation that in the case of substituted benzenes also 
the jrerturbation due to substituent halogen atom increases with the increase in 
the atomic weight of the substituent atom and the S— >T transition becomes 
al lowed . 

The strong S^T absorption observed in the cases of -orthobromo toluene and 
parachlorotoiuene also exiilains the intense luminescence in the visible region exhi- 
bited by these compounds in the solid state at — 180'^C (Biswas, 195fla, lOSfib). 

(b) huminescence spectrum of metajiuoroioluene. 

It would be interesting to compare the intensities of luminescence spectriiiu 
of metafluorotoluene with that duo to ortliobromotolueno or parachloroioluenc 
excited under similar conditions. It can be seen from the results obtained by 
Biswas (1950 a & b) that the intensity of luminescence spectrum of orthobromo- 
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toluene is larger than that due to parachlorotolnene. flu* intciwitv ol the luniine- 
Ht’eiiee Hpcctrum due to metaiUiorotohieiie rerorded under sninlar eoxiditioiiH 
has been found to be lower than that due to para ehlorololuene. Tliis agrees 
with the fact that the strength of absorption is small in this ease and 

shows further that the luminescence is produced by the Iransilion from the 
triplet to the singlet state. ^ 

A O K 3^1 O L K 11 Ci M I*: 'V 
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LIGHT ABSORPTION IN PARAMAGNETIC Co++ IONS IN 

STATE OF SOLUTION \ 

A. MOOKHRRJl ANi> N. S fJHHONKAK 

PllYHJUR LADOH^rORY, ACIRA (loUl.lWK, AoIIA 
{Ih'ceiwd, May 7, lOfiO) 

In a furcMil/ paper Clialviavarl-y a}i(l Cbatterji (1950) asKuming an approxiinate 
tetragonal axis of syinmeti’y for the oclali(5(lrou of walei eluste]’ about Co++ 
loji'and following the inuthod of Abragrain and Pryee (1951) have developed 
general exjireRsioiis for the niaguetic .su.secptibdities along and norinal to tin? axis 
of Hynnnctry of the water ehister cahout Co^ ion in crystal in terms of the 
tetragonal splitting A, the effective Laude-splitting factor and the spin-orbit 
eouiiJing eoefiieieut Tii order to get a fit witli the exjie-ri mentally observed data of 
magnetic susui‘.ptd)ility nicasnremciitK by Bose (1948), they required a small 
value of A varying with temperatiii’C and a value of the coefficient of sjiin-orbit 
(‘OU))ling which is the saiiio as that foi* tlie free ion, for the salts studied. 

An examination of llie eueigy level expressions Owen (1955) shows that if 
A is small, then the number of absorption bends of Co' ' ion salts in crystalline 
state or in state of solution will be limited to tln ee instead of six. Absoiplion 
moasniemeiits of about fifteen euhalt salts in state of aqueous solution by us, show 
a single hand at almnt 19,550 cm^^ and two diseemablc hands at about 20,900 eni~^ 
and 21.800 c.m ^ which point out dearly fhat A vshould be^extreiudy small in 
them, in agreement with the iheoretical findings of Chakravarty and Cbatterji. 
The second findings by these authors that the spin-orbit coupling coefficioiit in 
erystallino staU* is the same as the free ion value, will mean tliat the covalent 
overlap of 3ci-orbitals and the s-and p-orbitals of water liluster about Co^ ion 
can be neglected (Owen 1955) ConsecpuMifly fhe term separation E for the free 
ion will be the same as E\ that for the crystal. From our optical absorption 
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measurements we have evaluated for about a dozen of Co^'^ salts in state of 
aqueous solution. We find that E'jE ^ 0.95 which is in c-oniplete agreement 
with the findings of Chaki'avarty and ('Jhattorji. 
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NUCLEAR SPIN ECHOES AND MOLECULAR 
SELF-DIFFUSION IN LIQUIDS 

S. K anOHH AND s. K. SINHA 
Saha JNai'mms of Ndilkak Punsuh. ('M.firrA 
(Rrrnved Jvh/ fi, l!)60) 

ABSTRACT. 'riio u\icloHr Hpin-ochi) plicixomoiKni niul tlii« l ol ihoIih'uIhv soH'- 
(litfxiKiOn in Iniuids on Ihc Hinu-cfhoes huvo lioon tiralcd on LIk' biisif, (ti a nrv sloohatjlii 
model The phyHical nnd inaihomatipal inooiimHlonoies ol .snnilin troiilinentH i*e|)Oiled nirlioi 
hnve also hoeii disnissod A npin-echo method I'oi meusunitf^ the ('o-pflu u>iil o1 moloiului 
hpH-iliffusiou IJ clii'pctly, uHinp the “imtiRO eeho” Imh been deM'lojied, vihiili completely 
(>liiniiialoh the relaxation damping of the imIio signal. It has also ljei>n shown thnl the 
diffunion damping co-efficient A thus determined can be utilized Joi an inilo])eiidi>nl measure- 
ment ot trauKvorae lolaxation time 7’j even in pvoRcnco ol aiipieciahle diflnsion These 
metbodfi luwo boon ntjed in tin' chhc ol Wiiter. and the \ nines ol I) nnd T^, olitiuiu'd ngrce 
well willi other mouKVii omeni s , Further, a diieft expeiimental elu'ik has iieen Inniished |o 
( oiiiTUU’e tlie A^nhdiiy ol differout Iheoieliiul appro.iehes lo this prolilein 

I 1 NT IM) I) U V'V 1 0 K 

Tho nierltaitiHUi of formation oi imcleav s]>m-(‘t‘hoes and tin* efleel ol moleeular 
soll-diffiiHion on the eclio-ainjilitudes have lieeii disctissed jiievnouHly hy viinonn 
cHiUiorH [Hahn (1950), Dan and tSaha (1954), Oarr and l^iicull (1951), Herzog and 
Halm (1959), ^rorrey (1950) and Douglass and Met^aJI (I95M)|. 'The t‘((iiilibrmin 
(thoTinal) magnetization of a substance when placed m rx steady inagnolie lielrl, 
IS dclleeted from the direction of the maguclie field liv a short radio fiequcuey 
(rf) pulse and during the absence of the jmlse lln‘ nuclear magucts execute Lurinor 
precession (Xjj) aliout the steadj'^ Held with diflerent Larinor (i'('(puMieics [Jjf) 
hecaiise of inhomogeueity in the maguetic Held Afler a ccrtajii tiinc-inlerval t, 
d‘ a second short ?/ pulse is used to revn^rse the phase aeeimiiilalod by the nuclear 
magnets, the nuclei will recluslcr eoinpletely at the cud of the uexi. interval t and 
give the echo signal This complete reelnsteriiig will lie possdde only when the 
])hase accumulations of individual groups are equal in the two intervals. 11, 
however, there be any process that makes these phase aeeniimlaijoiis unequal, 
the reclustoring at the end of the interval 2 t w'lll not be eoniplele and the echo 
amplitude will diminish. The diiniiuition will depend on t il the phase aocuniu- 

* One sliould note that the random motion of the molecules will aluo average out the 
'“local field” and give rise to relaxation damping of ilic nuclear iiidia tioii sigiialH, Ti and 7 
111 Hioch equations (1) lake account of this offed. 

m 
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laiion due to that, process is time dependent. The random (Brownian) motion 
of the moloculee in a liquid is such a process*. This process carries the molecules 
along with the resonating nuclei to different sites in the inhomogeneous magnetic 
field, thei’eby changing their Lf and hence the phase of their Lp. Since this is 
a Markoffian piocess, the phase-accumulations will not be proportional to first 
power of time, and as a re.sult they will not be equal in the two intervals. Thus, 
there will be damping of the echo-amphtude which has been called the diffusion 
damping by Hahn. If instead of tw'o pulses, three pulses are used to foini the 
echoes lh(‘ above effect of molecular self-diffusion will manifest itself in the 
different echoes in different irays. This effect has been discussed by Hahn and 
later corrected by Her/.og and Hahn and by Das and Saha in the threc-pulse echo 
system, ^Pheir methods have been examined in some details at the end f)f 
Hection JI. 

The present work considers the followdng model. The random moleciilar 
motion is described by the motion of any representative molecule with iiroj^-r 
initial distribution in Larmor frequencies ((umfoiming wdth the aiitual physical 
situation). Such a distribution can be represented by Dirac’s ^-fuiudioii as in 
the case ol liquid molecules executing Brownian motion | Green (1952)]. The 
whole time-interval in wdiich we are interested is divided into a large number of 
small sub -intervals, and the damping of the echo signal clue to rautlom phasc- 
ac cumulations in the successive short intervals, that arise through random change 
in Larmor Irequcmcy has been taken into account through the chtangc in Jjarmoi 
frequency wdiich follow'S a Markoff jirocess* LChandrashekhar (1943)^ Wang .and 
Uhleiibeck (1945), Anderson (1954), Herzog and Hahn (195fi)J, satisfying 
Chapman-Kolmogoroff equation. The results of such (’-alculation agree wdth 
those from the straightforward treatments of Carr and Purcell and of Torvey 
when extended to echoes for Carr-Purcell pulse sequence. 

On the basis of this formulation, experimental methods for the determi- 
nation of self-diffusion constant, D, and the transverse relaxation time Tg, have 
been developed. In these methods the diffusion-damping co-efficient k (= y^G'^D, 
where y, O and D have the usual meaning) can be obtained without previous 
determination of ^ 2 . This value of k is then used to obtain from Garr-PurcelJ 
method in general cases, which has been described in details in Section IV. 
Besides obtaining a satisfactory value for D and T^, an independent experimental 
check of the physical basis of the theoretical formulation ha^ also been described. 

In Section II, the theoretical formulation is presented with criticism of Das 
and Saha’s and of Herzog and Hahn’s treatments. In Section III, the apparatus 
used is briefly described. The Section IV contains the experimental methods for 

♦ A collection of the relevant liapers on Markoff Process can be found in “Noise and 
Stochastic Processes”, edited by N. Wax., Dover Publications, New York, (1954). 
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meaeuremeat of D and 7\, and tlic reaiilb*. In tlie last Section I', llie different 
experimental methods for measuring D and T, have been critically examined. 

Tl T H EORETTC’Al. 1’ O K M U 1. A I? 1 O K 

Let US start with the Bloch equations (Bloch, 194h) which have been proved 
satisfactory in describing the dynamical behavioui of nuclear magnetization. 
The equations can be written in a co-ordinate system rotating with tlic pnlsed-r/ 
frequency, oi as [Bloch, 1946 , Rabi el al , 1954] 


and 


dr 

dt 


- '//// -[ Rw 


die jj w I 

dt ' ~]\ 


(*) 


Hero II , V, w, ivq and ;/ have a slightly different meaning than the usual. 1’hc 
molecules canying the nuclear magnets execute random (Brownian) motion in 
ail externally applied inhomogeneous magnetic held . IN) take account of t he effect 
of this random motion on the spin-echo phenomenon, the Bloch equations have 
been assumed to be true for the average magnetization of a molecule at a point 
(j;, y, z) inside the sample w, v and w are the x', y' and z’ components, respectively 
ol the average molemilar magnetization Mmoi- equilibrium value of 

magnetization at theimal equilibrium and is given by u’,, - Xmui (■*■> 1/’ 2 ), 
Xmoi being the static molecular susceptibility, R =^yH^ and 1 / -- yllz (a:, y,z)~ o; 
f/, 18 the half amplitude of the applied linearly polarised r/‘ field, '2H^ cos t,it 

One of the two circularly polarized components of thi‘ rf field is actually 
elfective in producing resonance. Hz (a-, y, z) is the value of the externally 
applied magnetic field at the point (ir, y, z). and 'I\, arc the usual longitudinal 
and transverse relaxation times respectively as introduced by Bloch. The random 
change of position of the molecule causes a eorrosponding change in the value of 
')!. This random motion is of the nature of the stationary Markoff process. On 
the average this motion is well represented by the Langevin equation (Kirkwood, 
1946 & Greeis 1952). 

In order to find out the magnetization undci stmly at any subsequent time 
from its initial value we have to follow the motion of such a molecule Tn follow- 
ing the motion of the molecule we shall have to keep in mind that the magneti- 
zation must satisfy the Bloch equations whereas its position co-ordinates and 
hence // will be obtaind from the Langevin equation. For the solution of the 
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Bloch equations under such coiKlitious we divide the M'^holc time interval from 
the start of t he pulse sequence into a large number of small sub -intervals. These 
Hub-iutervals arc of such magnitude that the root mean square change in // is 
very small TJndei' sutih conditions we can solve the Bloch equations during 
thcs(^ sub-intervals taking i] to be constant; the stochastic nature of >/ is taken into 
account through the inclusion of a transition probability corresponding to tin* 
change in 1 / from its initial value at the begimung of the suf>-:nterval to the linal 
value at the end of the sub -interval. The integration over the initial value ot 
for the interval will give us the value of magnetization at the time \vt are interested 
in, aiifl it IS a function of }j corresponding to that time. 

Analytically, let tg) be the solution of the Bloch cfiuations for a certain 
value of i}{ - i/g). iSince // is a stochastic variable, tlic value of magnetization 
with a certain value ot //( — //g) niiist be expressed as ; 

where W{t/g, /J expresses the probability that at time Ig we Jiave the value of 
1 / as As >/ folloAvs a Markoff process /-«j can be related w'itli its \'aliHi 
at any other time by a relation like the Chajiman-Kolniogoroff equation : 

=- dll, 

- 00 

Here T{i}g, Iglif,, I ,) denotes the transition probability of tlie change ot ij, to ij, 
in time - /, This transition probability, in general, Avill be product of two 
transition probabilities, namely 7/^, /,) and The first one is 

obtainable from the solution of Bloeh ecpiations if we (sou Id treat 7 / also to be 
varying during the xmeiod. The second one can be obtained from the solution ol 
Laugcviii equation. Now, if the time-interval tg - t; is considered to lie v(m \ 
small such that the change in /; during the interval is small, but is of sufficient 
magnitude such that the fori'e causing the displacements of the particles and 
hence the thangc of vy lluetuates a large number of times, we have 


and 




(>h -V, )n 

^k{tg - J 


(see expression (6)) 
with these assumptions, 


tg] = HMVh tg 1 7iu t,) W{7i^, i,) P{7)„ tg j ly,-, t,)dTj,, 


'-=■ 5^{Vn hW{7)u ti) P(^8, tg\7i„ t,)dyi 
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This relatioa shows ihai ii we kiom the initial value of A’, we ean dediiee il>. value 
at any other lane 

Let us now eonsidei a paHirk* situated initially at tin* point (.r,,, //„ Tlie 
Tiiagnetization at / ^ 0 ean he represented h\^ 

w|d, //J a(0)H'(//, 0) _ 0 

HO, //J -- r((l)H'(//, 0) _ 0 

and ^)|0, vl Hi{))Wl,i {)) . MvhV Vo) .. (:^) 

The initial distiihiitioii lias been taken in' the torm ol Diivie <Mnn( tioii as the 
position of the partieh' is didinite at the point t.*„, and henee i/q yll, 
fhe /A(-"o) ■ geneial held distrilmtioii 


- Wdo) ! a-„ ( ] 



I .. 


terms with highei derivatives oi /L is tlie value ol the steady magiielic 

(leld at the origin I‘\tr simplicity the held graduait can he taken to Ix' eonstaiit' 
and imidireelional (in the direetioii ol ;,)• -^nd //„ ean he \Mi1ten as 

Vo - - r^^:(0)-e>ir0'2„ .. (:j) 

wlieie h' -■ ' . At exact resonanee 7'// (h)— oi 0 The 1 reatiin'id , wliieh 


has been lollowed lieie for this simjile ease, can he easily shciwn to he valid lor 
multi-direetional hold giadieiits as well as for off-resonaneci eonditions*. 

Henee, considering any time-interval t, we divide it into a laigc mmiher, say 
ti ol small and ecpial snb-intervals oi A/ each, such that n^t I and assign values 
to tj at the beginning and at the ejid ol each siih-intei eal. For examplc^j and 
V,, I are these values lor tlie in-th sub-mterval For the /a-th sub-inteival the 
Bloeli equations arc solved taking to be eonstani, and vse obtain ,, 


* Snice the rCbullH of this lorinulatioi) (luUing the field gonliciil. jii llio --diroclicm 
as (iOustant, and neglecting the field gradients in othci diioetions) uio used to inleipret data 
obtained with a magnet whore these conditions are not sti'iclly valid, it is interosting to 
investigate! the effects due 1,o (a) G being not conatanl, and (b) the gradients in the a; and 
directions are not zero. It can. be easily shown that none of these aftoefcs tlu' result apjue- 
eiably. Both the situations, desoribed above, introduce small error in the value of A, but 
the time-dependence of the signal amplitudes lomams almost unaffected. To test these 
points experimontally, the time dependence of the amplitude of the image echo was recorded 
Without applying any field gradient in 2 -diroction externally. Even in this ease (where 
the field-gradient is multidirectional) the time dependence was found to be parabolic as the 
equation (14) predicts. 
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wAt) where (f> siaiidn (or n, v and tv eomponents. ih then obtAiued by 

naiiig the relation 


wiiere P{ri,n, probability of ehaiijring to i/,„ in the time-interval 

A<, Uaiiig the relation 

>/m- Vw.- I -- y(^(Zrn “2m i) • ■ • (5) 

At can be obtained from the solution of Langeviii equations, and the 

expression for it comes out as 

.) =-- ( exp } ... |fi) 

whore k = yHT^l), D being the co-efficient of molecular self-diffusion , The Eq. 
(I) take different forms m the presence and in the absence of the r/-pulse^ 
and the usual solutions in the two cases are each treated as ^ as discussed above. 
The thermal ecjuilibrium value of w>-compoueut can be shown to l>o given by 


iCpI ti,„ '/iA(| -= J Vo) P{v,„ nAt I v)rfv “ '^’o ^Vln | ;/«) (7) 

I’he final value of P{t) is then obtained fiorn the jolation ' 

P{i)= J P\tln^nAt\dti„ ... (S) 

— flD 


This is the value of magnetizatiou for a single particle We obtain the total 
magnetization 31{l) due to the whole sample by using the relation 

M{t) - N US mdV ... (tt) 

wheie the integration extends over the whole sample volume and N is the number 
density of the molecules. 

Foi a cylindrical sample-holder and for the constant field gradient in the z- 
direction, the volume integral gives an expression of the form 

2M pJii p) 

P 


where for jirimary echo, 


p — yGa{t—2Ty) 


(U) 



Expressions for the echoes and tlic' ±1 ce ludiictioii ‘•ignals foi three jnilse-' of untatioiial angles ti and ^3, applied 
at times ^ = 0, Tj and Tg respectively, as obtained by the present treatment, 



Echoes obtained at time t=2n after the application of a senes of n ISO' pulses at times t = C2n—}) following a 90'" pulse 
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u iK the inlorual mrlius of the sample holder, ,J ^ is the first order Bessel fiiiietion 
of the first kind. This represents the shape of the echo and of the free indiietioji 
signals For (‘.onslant lield gradients in the thi'ee direcliojts. Iliis is given by 



and V- ... (l:() 

Ij iK ttio (ifl'ccldve leugtii ol' tiio Kuinplu \ 

Using the above sehenie and the usual technique of matching Ihe Iflotili 
equations, the diffei’cnt free induction signals and th(‘ difterenl echo signals tov 
any number of pulses of arbitrary nutational angles ean be obtained. The results 
of such caleulatioiis for tliree pulses applied at time / - b. r, and Tj, are shown in 

Table 1. Table I also contains the expicssious for the amplitufles of the echoes 
oeeiirring al / when a tirst 9(f’-])idKe foliouerl by a scries of // ISO' qmlses 

are applii'-d at times t — r^, ... (2«-- 1)7^. "^I'liis exjuession agrees with tiial 

obtained hy (/arr and Viireell and later by Toirev tor siieh pulse secpieiu es. Tin* 
expressions for the image echo al maximum amplitude, as obtained bv different 
IhcorcUeal approaches, have lieen shovMi in Table fl. The disagreement observed 
IS expected since some of the earlier methods \^ere not rigoioiisly coirect, and 
\i'e discuss them below. 

Herzog anrl Halm (11)56) have exlended then inethofl, used in solids, to ibe 
ease of liquids, it, hovever, one uses the Eqns (23) and (25) of their piqiei to 
calculate the amplitude of the free precession .signals m liquids, one olitaius 
infinite aiiijilitude lor the signals*. The rea.sou tor this can )>e seen to bo the 
assumption 

— eoiistant. 

Moreover, the above assumption does not represent the physical situation Also 
the diffusion-process in liquid can not be described in cxactiv the same way as 

* Tho oqualjoafc in the appendix of Her/.og and Hahn’s iiapor giving the sigmd 
Uinplitiidos in liquidH show finite umphtudo sinco the integration was not fully carried out. 
Actually they should get, for example, £lniax | - ^ At^J S(t>),tor the primary echo, 
where S(o) is the Dirac’s 6-fiinction for the zero value of the jiarameter i.e at f 2ti. 
Similar will ho tho ease with other signals. 



Nuclear Spin Echoe,s and Molecular, etc. 


347 


TABijo rr 

ExprcHsioiiR for Iho a)7iplitude of the image echo at echo maximum, according 
to different theoretical approaches. 0 denotes Ihe time of occurrence of the echo 
maximum, measured from the third pnse i.e., 0 - t., 2t, t - r., t, uhere 

Ti and Tg are positions of the second aiwl the thirti pulses respectively. I^lcho 
maximum (K'cuits at I -t,) kikI and f, arc the niitatioiuil angles of 

the applied pulses as m Table T 



(Common part ot the indm- 
axnpliiude, an ^iv'on hy 
difforenl <h(‘Oi’olieal 
apiiroaohe.s i 


I’uil defteiidoril. 
on dilhision 

j 

J Hulin 

-- .SMI Hin-’ (t../ >) (UI-) ■ 

.... ( 






2. J)ixs and .Sjdui 


ovp 

-A 1 'j T> At-s 1 .'its- ® ] 

2. Tlio pre sold 

( roiiimonl* 


OK], 

2/. 1 * T'l Tie 1 

* 'fho same roHvdts «uui be uIko tloiis'od iiom "1 

I’orrov'H 

(UlOli) (loivImiMil l)UHod on llu* 


tioluUoii ol (liffuHJon ocjualKiii. 

they have done in the case of solid, 'Phe slati(»nary dislril)utiou as obtained from 
‘‘the probability distribution for the frequency” (see Eq. (.‘11 ) ol llieir j)aj)cr) 
j educes to zero as t—*' oo. 'Pheir treatment will be valid in the case of liquid also 
it the probability distribution foi the frequency is taken in such a way that it 
conforms with the actual stationary distribution in liquids We, however, note 
that the dainjiing terms in equations for the free precession signals in liquids 
as given in their paper arc identical with ours. This is bccausii the damping 
tei'ins depend on the probability distiibntion for the ficquency (transition ])ro- 
bability) and on the phase factor coming through the solution of the Bloch equa- 
tions; and these are the .same both in our treatment and in Heizog and Hahn’s. 

The treatment of Has and ^aha contains the following inijiortant points — 

(1) They aLSsignod definite phase (as thej' termed) and the (.larnior frequency 
change for each of the free prcces.sion intervals. In c,ssence it is equivalent to the 
■splitting up of the actual phase aecumulatcd in am- free inecession interval into 
two parts 

(a) the phase aeenmulated when the Larmor frequency remains constant 
in the interval considered, and 

(b) the difference liotween the total phase accumulated aiirl the part described 
in (a). 


2 



343 


S. K. OkosJi and S, K. Sin?M 


III averaging iJiewe phase aocjumulatioiiH, t-hoy have separately averaged over the 
tw o parts considering them to he following independently the Gaussian distribution 
law . The justification for such treatment is yet to bo showui, 

(2) They separately considered the phase accumulations in the different 
free precession intervals. This is not justified for the following reasons ; 

(a) since the accumulated ])hasc does not follow' the Markoff process, the 
averaging of phase in successive free ])rocession intervals compiising the total 
interval is not justified. 

(b) since the echo signals are made possiVile due to the preservation of the 
phase-memory hy the nuclear magnets, the consideration of the phase accu- 
mulations ill different free jirccession intervals as completely independent does 
not conform with the physical situation. 

Since they considered phase averaging m this way, the phase-reversal coulol 
not- be taken into account in their treatment \ 

m . A P P A B A r US 

The apparatus used has been rejiorbcd earlier by Banorjee el al. in this journal 
(Banerjee ft ftb, 1957). The addition to the apparatus is a trigger generator of 
conventional typo. In order to use Oarr-Vurcell method for determining relaxa- 
tion time a (Jarr-Purcell sequence generator has been constructed. This is 
liased on the principle of running an one-shot multivibrator with arrangement 
for a proper positive triggering feed-back through a feed-back amplifier. The 
total delay is, however, distributed over two such multivibrators in series w^hich 
also makes it jiossible to arrange such that the multivibrators return to their initial 
conditions each time before being triggered. The sequence can be stopped by 
closing dow'ii the feed-back loop by another pulse synchioiiized with the repititiou 
period generator. This is a very simple method of getting such pulse sequence 
with fairly good stability of pulse separations. The stability of the multivibrator.s 
can be easily improved by increasing the value of the grid-resistor (returning io 
high tension) in comparison to the plate-load. The circuit for (^arr-PurceJJ 
sequence generator is shown in Fig. 1. 

IV. E X P K B. 1 M E N T A L P R O C E D U K E AND R B S U L T IS 
(a) 3feaisiirement of Molecular Self -diffusion Co-efficient D : 

For the measurement of D, Ave observe the amplitude of^ the “image echo” 
Avhich is formed at time, t — with a 90° — 180° — 180“ pulse sequence, and 

as seen from the expressions in Table II, the relaxation damping of the echo-ampli- 
tude will not change with variation of Tj, if (Tg— t^) is kept constant, whereas the 
diffusion damping will change. Thus w'^e can isolate the diffusion damping from 
that due to relaxation. The diffusion damping of this echo can be displayed on the 
oscilloscope screen by triggering the sweep wdth a trigger -pulse which changes its 



+if5 VOLTS 



Fig. 1. — C'lrcuit diagram o{ the Cair-Purceil «equpnrc> generator. 
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pouiiioii oil the tune-scale as the value of is varied. Tu pj-actice, the sweej) 
was triggered just before the thii'd jiulse hy introdiu iug a fixed delay between the 
second pulse and the triggermg pulse. Hence as Tj was changed keeping (r.^- T j) 
constant, the triggering pulse also correspondingly changed its position, the 
small delay tiotween the triggering and the tliird pulse, however, always rcmaineil 
the same. One can now obtain a multiple exposure of this echo with variation of 
T^. With the above arrangenient, where the position of the image-echo is kepi 
constant (by keeping (t.j — constant), and the position ol the triggering pulse is 
shifted exactly by the same amount as the variation in we get a plot of the c(;ho- 
amplitudc m. 6 |-- 2 (r 2 — Tj) 0 denoting the time measured from 

the 3rd pulse. The triggering of the sweep was done by a pulse from a trigger- 
generatoi* which is itself triggered by the second pulse such that the delay botweeii 
the second and the triggering pulse can be kept cioiistant. Fig. 2 shows suq|i a 
multiple exposure. \ 



Fig. 2 , — Multiple exposure of the imago echo from protons in watoi", witli variation ol 71 , 
keeping (t™- T|) constant. A sequenre ol throe ])ulsos (90'^-180"-l 80'’) a}i]iliod at tinie.s 
i = Ti and rpspectively has boon used. Tho sAveep calibration Avith 2 ms marker con 
lie seen below the base-hne. — 

The use of 90°— 180“— 180° pulse sequence with exact values of these angles 
is not critical, but the angle adjustments are done as accurately as possible in order 
to minimise the amplitudes of all other echoes which may interfere on the multiple- 
cxiiosure photograph. A preliminary check is made to see that the resonance 
condition is reached (Ghose et al., 1967a), the maintenance of the resonance 
condition being also not essential. It is, however, essential to maintain the mag- 
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netic field H^^ at a constant value. Tins nas done in our ( asc with the liclp of 
a flouriiie signal, obtained by steady NMR method 

As seen in Table J], the plot of log. A vs 0{- t, lV.) uhere A is the echo- 
amplitude, is a parabola satisfying the equation 

logf.d - constant j 'llnW ^krO- (H) 

wliere t = Tj — (‘onstanl. Thus k can be obtained from tin* experimental 
data fitting them to an equation of parabola by the standard method (Johnson, 
1952) and ('omparing the lattei with relation (14) Such a jiarabohi, is shown in 
the Fig. 3, k (‘,au also be evaluated from the giadieiits of (M) at 0 — 0 and 
0 — T, siiKje 




i 1 - '2kT'^ 

L (10 Jfl T 


... (if,) 



Fig. 3. The logarithm of ilio amplitudes of the image echo ih j)lottecl ugainst (), given by 
e= T 2 — 2t-i, where ti and give the position of the second and the third pulse 
respectively. The parabola fitting the experimental points fti*© also shovm (in solid line). 
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From the geometry of the; jjaraliola, this gradient can lie e\ aliial(id sirii 7 )ly from 
the relatimi 

I ^ hlg„ /I 1 — T/2 ' OJ 

L do r/2 

CombiniJig (Jo) aiuJ (Hi) 

^ T/2 - (loge 

To obtain I) from the value of ihe magnitude of the magnetie field gradient, 
fV, in required The magnelie field gradient was applied as v\'^as suggested Tiy (^arr 
and Piireell liy tw'o co-axial (‘oils of 170 turns caeh wound on a perspex form, tin* 
eominon axis of the (‘oils being in tlie direedion of f/,) The value of (» w as cxiieri- 
meutally determined from tlie echo modulation. By eoiisidering in some eases 
SIX or seven hlkjIi maxima or minima it was toiiiid that the maximum dcviatlion 
from the average value of 0 as determined from the different maxima or 110111^111 
was !) to 4% at most, wliieh indicates that the ovei-all field gradient along tjie 
axis of the samjile lioUhn w'as negligible 

The r/Tield fij used was approximately b gauss, and the ])roton resouanei* w as 
observed at about 14 nic/se( , 

7) was measnied with three difloieut field gradients, I 11), 1.71 and 2. IS 
gauss/ein, and w'as found to be the same w'ltlnn ex]Uinmeutal eivor, the average 



li’ijr. 4,. Clarr-Piufoll ei‘ho(?s from protons in water, with the magnetic field gradient 1.71 

gau8fe/om, lilrnoat from the bcgmning of the sequence The value of t, the Boparation between 
Ihe first 90'* and tho next 180" pulses, used was 3.3 ms. Hwoep calibrator marker separation 
was 40 ms. 
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value being 2.6x I0~^oin*/se(‘ for water at rooni teni(>eratnre (iiO'X'). 1lie sample 
was doubly distilled \^ater sealed in a pyrex glassXube. The value of D thus 
determined agrees well with other measureimoits ItWr and Pnri-ell (1954). Orr 
and Bulter (19115), Waug et <il. (195:1)1 

(h) Measuremnit of ■ 

If k IS known the value, of 1\, ran be deteniiinod in principle l\y Hahn's niethod, 
\\here the two pulse echo amplitude is eorjected for diffusion damping and plotted 
against t^, the slope of the resulting straight line giving 1 jT,,. In case of protons 
in water the value of is comiiaratively large, and thus the slope will he small. 
Thus in this ease time considered should be made large Ihil it w^as found that for 
large values of time, the corrected eeho-aniphtiides do not fall on a straight line, 
the expected straight line showing oseillatory teiideiicies (giving maxima and 
minima w'ith increase of time). The origin and the nature of fhis phenomenon 
IS being investigated in greater rletails. 

To eaii, however, he determined accurately from (’ai i - Pin cell decMy coustaiit 
after eorrecting it for diffusion flain])iiig Kven for largt' tickl gradient, this (‘Oi’- 
reetion gives good result for the value of T.t Kig 4 shows a iiliotogrnph of (’arr 
Piireell sequence of echoes (or w^atei, fh(‘ inagiietK field giadieiit used was 1.71 



where k^y^OW and t ia the soparution between Ihe first 90" and the next I8t) pvilKes 
From thia, Tz can be obtained, if k and t arc determined HeparaUsly. 
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gauKs/cni Til Pig. 5 tlio logarithniB of the ceho-aniplitudos are plotted agaiiiHt 
lime The value of the envelope decay constant, as obtained from Pig. 5, 
which IB related to 7'^ by the following relation 


1 ] 
T* ~ % 


(IS) 


wlicro r IS the separation between the Ik! 90" pulse and the next ISO" jnilse, is found 
to be 1.99 Hoconds, Using the previously deteniiinerl value of k and r, the value 
of 7^jj comes out as ii.5 seconds. 

With the same sample of water, 7’, also was determined by null method (rthoso 
<U nl,, 1957b), and was found to be 2.8S seconds, thus the ratio of 7\/7’.j agiees well 
with BPl* theory (Bloembergen at at , 1948). 

In the taliove determinations the error creeps in mainly because of the follpw- 
mg causes 

(1) Very high degree of stability in the delays introdiuicd by the mu\ti- 
vibrators, in our pulsing system, cannot be expected, liccaiise of inherent instabilj^y 
of such systems 

(2) The accuracy in time mcasureinent is also limited as we had to calibiaie 
the oscilloscope sweep by an external marker (Hewlett Backward, Model lOOJ) 
and 202A). Even with very stable marker the time-measurement will not he 
correspondingly accurate since one has to measure time from the ealibration of 
tiie oscilloscope SAveop. 

(13) Ihe noise-ligure of the ajiparatus limits the accuracy of measurement, ot 
the signal amplitudos and the error due to this cause is dilficiilt to estiiinile exactly . 

The use of scalar-tyjic jiulsing arraiigcinciit with stable oscillators as time- 
generators will remove the causes (1 ) and (2) to a large extent, and thus will imjuove 
the accuracy of measurement. 

It IS, however, expected that the maximum error in all our determinations 
uas less than 5%. 


(e) Ex'penwf’ntal cimk of the diffaretit theoretical apjjroachefi 

So far, the value of 7), as obtained using the different theoreti(;al formulations, 
was considered as a chock of the theoretical approaches. This is, however, 
indirect. The “image” echo considered in the present v\'ork affords a direct cheek 
since the naiui'o of variation of its amplitude aviUi 0, is predicted to be differciil 
in different approaches. According to Hahn’s approach the amplitude ol this 
echo should not change at all. This approach is then obviously not correct, 
which was modified later by Herzog and Hahn*. According to Das and Saha’s 
treatment the amplitude of this echo follows the following ecpiation 

Jog,. A = constant -| ^krW —lokrO^ \~kG^ ... (19) 


* However, their results for liquids are not considered here (or reasons explained m 
Section II. 
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and the maximum ot log^ A will oecur at 
0 ^ 0.«55(Tj-t,) 

According to the pveaent approach, the al.ove maximum will >,(■ at 

'S' 0 t,) 

There i« thus about 7% differeiu* m the predicted positions of I he maximum 
experimental reaulta on the detcrminatiou of the position of this maximum favour 
the conclusion of the present paper. In fig. ti Eqns. (14) and (19) are plotteil in 
a scale such that they arc closest to each other The experimental points are then 
1 educed to the same scale tcrob, serve which of the two euwoH they follow. It. is 
found tJiat they follow- the Eq. (14) moic closely than the Eq (10) sluiw in^r that the 
present approach is luore acceptable. 



Pig. ti. — The theureUcal Eqns. (14) ttml (19), giving the logarithms of tho amplitude of tho 
image echo, as derived from Das and Saha’.s and fiom the present treatment are drawn in 
tho same scale for comparison with tho experimental data, which are also ploltcd here in 
(he same scale. The Eqns. (14) and (19) are brought to the same scale by coinciding any 
two points of tho two curves. The two cori'osponding experimental poinl.s aio then brought, 
to those common points for reducing the experimental points to the common scale of the 
two curves. 
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y. 1)JS(!UHST0N 

Let iis now examine the various different NMlt methods for the measurement 
of D and 7'.^. Of all such methods*, those developed by Hahn and by Carr and 
Purcell are juostly used 

Hahn's method of measurement of 7\^ is seriously liaiidicappcd in most eases 
where the liquids have compai atively small viscosity. In these c.ases even in 
most homogeneous magnets ordinarily available, the diffusion effect will seriously 
interfere with the measurement of T^. 

naiT-Pui(ieir.s method removes this diifieulty by minimizing the diffusion- 
effeei , for which one has to use a large number of 180“ r/'-xmlses. If the adjust - 
ment of the angles of the 180° r/-pulses is not exact, the error produces a cumu- 
lative effect and the amplitude of the echo formed after a large number of pulses 
becomes seriously affcijted. It can. however, be shown that if tbc echoes after 
a large number of pulses are considered the above effect introduces an extra dam'p- 
mg such that the total damping remains still exyionential . This extra damphig 
(!an be made negligibly small if the error in the adjustment of the angle of the ISO" 
-pulses IS kept within 1-2%. This can be easily obtained One should, howcvei j 
note that Meiboom and Gill (1958), have suggested a method by which the abov^e 
mmiulative error can be reduced. But in general case, the overall field iuhomo- 
geneity and the values of relaxation time may prevent the use of a large 
number of r/-pul 80 s, which thus limits the application of the method m such 
cases. One can, however, adjust the field gradient such that the exponential decay 
of the Carr-Pui'cell echo sequence contains only the diffusion and the^ relaxation 
damping, the relaxation time can then be accurately determined from that decay 
constant, if the diffusion damping at the field gradient is ascertained indepen- 
dently. This is exactly w'^hat is done in the yireseiit method as described iji 
Section IV. 

We also note that ^vhile determining D from Hahn’s plot (after finding out 
Tq previously) Carr and Purcell found that with large field gradients there is 
departure from the expected straight line. This effect also limits the use of Carr- 
Purcell method for measuring D in general cases. Similar departure from the 
straight line was also observed when we attempted to evaluate from Hahn’s 
plot, after finding out k{= y^Q^D) previously. As mentioned earlier in Section 
IV, we obtained a curve showing maxima and minima, instead of a straight line 
This effect show^s itself at large time t and increases with thejiicrease in the value 
of the field gradient. Both the Carr-Purcell and the Douglas -Me Call methods of 
measuring D from Hahn’s plot will be seriously affected by the above phenomenon. 
In the present method this effect can be made very small even for large magnetic 

* A brief account and the references of different methods of measming T 2 can be fouinl 
in “Nuclear Magnetic Resonance” by E. 11. Andrew, Cambridge University Press, London 
(lO-W). 
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field gradiejii by properly adjusting the separation bet^^ 0 Bn the second and flic 
third pulses, such that diflusion-damping becomes prerlomiiieut in eompariLson 
with the above effect. 

Though the effect of chemical shift and J-cou])ling (Hahn and Maxwell, 
1952) will affect the amplitude of the image echo, their effect can be minimized 
in the present method by pn.perly choosing the value of the magnetic liehl gradient. 
11 may be mentioned here that the previous determination of D can be profitably 
used in the evaluation of J by the spin-echo technicpie (Hahn and Maxwell, 1952 
and Crawford and Foster, 1956)J 
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ABSORPTION OF MICROWAVES IN CYCLOHEXANOL 
AND CYCLOPENTANOL AND THEIR SOLUTIONS 

T J BTIAITArHARYYA 

Oimcs Dei*ahtmj£NT, Indian Abso(jiation eok tjik ( 'ultiva'i'ion 
OE SciJfiNCB, JadAVPIJW, (yAlX’UTTA 32. 

{Received, June 20, 1900) 

ABSTRACT. Tlio ubsorpiioii ol 3. 18 oin microwaves in cyclohoxaiiol, cyclopontamil, 
and their solutions m heptane and carbon totiachlonde was studied at differimt teiniDoratuicf, 
'J’he solution m CCI 4 did not show any absorption The temperature-attenuation eiirvi'K 
show niaxiniii at 105°C, 96°C, 14''G and respectively in the cases of cyclohexanol, cjV'lo- 
pentanol and 10% Solutions of the Bubstances in hcptjnic. 'J’he values ol the radius of Ihc 
rotor ealoulatfid from Debye's theoiy are 1.41, 1.42, 1.19 and 1.4:iA respect ivoly. The 
I'otoi has boon identified with the OH group. 

The attenuation coefficients foi the solutioiih in heptane were found to lie gieatei Ihiui 
thoHc of the pure liquids. This has been explained on the assumption thal m puie luiuids 
thero exist dimers formed through mtormoleculav OH 0 bond \i]uc*h bri'ak up m tlie 
solutions. 

I'he absence of any absoiption in the solutions of Cf'-li has been attributed to the fornui- 
tion of OH .01 bond between the soh'cnt and the solute moleoules 

1 N T K 0 D D (’ 'r 1 O N 

The study of the absorption of niicj-owaves of wavclengtli !M 8 i.nis in 
o-cihloropheiiol ((ilhosh, 1955) and in solutions in (' 0)4 (BhaUacharyya, 195S) 
and similar investigations in etliylene ehlorhydrin (BhaUacharyya, 1959) furnished 
evidence for the formation of hydrogen bond between neighbouring moleoules 
in the pure liquids anrl breaking up of such associated groups into single molecule 
in solutions in suitable solvents. In the case of sojutioii of cth^dene ehlorhydrin 
in methyl cyclohexane it was found that of the two types of dimers present in 
the liquid only those formed through the in termolecular OH... () bond break up 
into single molecules in the solution. There was no further interaction between 
solvent and the solute molecules, but in the case of the solution in CCI 4 it Avas 
found that an intermolecular OH... Cl bond is formed between the solvent and 
the solute molecules so that the C— Cl group at the other end of the latter molecule 
possesses freedom of rotation about the C— Cl bond These results confirmed 
the conclusions drawn by Mazumder ( 1959 ) from the results of investigations of 
I be infrared spectra of the solution of ehylene ehlorhydrin in CCI 4 . 
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U .ortWVvV. Co Co oCVor soCaUu... 

..o.vCa.m.^ OH group a« a suWitueut.. ('y.lopooUuol .,v>.l«U-xaool wlurh 
are, to'O lypual aheyeUc ak-ohola were ehosen l„r thus ,,ur,,o«e ,u„l the al, so.pt., 
ofS.lS C.U mterouavcN ... solutio.is of ll.eee, t„o eo.upo„„.ls i„,puure a.,,1 earbo,. 
U'.tvacliloride has heeti invest ijraterK 


EX V K HI MEXTA h 

The expeiiineiital arraiigeinciits and pioceduie nmmc smulaj Id IUdso used 
111 a i)revj(m.s iiive.stigatiD]i (Bhat.tacharvya, l‘)r»S) 

111 order to verify whether the absorption obseivtMl with any partu ulav n il 
was genuine or s^mrious, two eells of diFfereut thnknosses were used siieiiessively 
find llie strengths of absorption in the tivo cells wore compared Tiie ahsonition 
was studied ill the pure Inpiids and also in 10 % solutions of the Iniiiids iii 
and in heptane. The values of the .static dielectric constants, the refractive inrliees 
and the ooeflieients of viscosity for the pure lupiid.s were oblfuieil Iroin the standard 
tables I As the data for solution in heptane weie not jiv.iiliible the\' weic detcr- 
niiiied expennien tally hi the case of tin .solutions m ('(’I,, no .'bsoiplion of the 
mi(rowavo.s was obseived 

The radius of the rotor n, was cah ulated m the ( ,i,se of the jnire Injiiids 
with the help of the Debye s lormulae 


c.ir 



- 


KT 

ArTItj 


(1) 


where f,„, the dielcctiic eonstant at very high Iroipieiieies has been taken to he the 
Hipiare of the refractive index of the Inpnd, f| and tj are the dieleetne eon, slant 
and the coefficient of viscosity of the lupihl at the Uunperatuic T"K at winch tin* 
maximum absorption of the o,lS-cm waves lakes plac.e. 

Ill the ease of the solution, in hepfaiie aho ilii saiiu* fonimlae and fin* eoiislanls 
determined ex])eriiiienlally were used. 

Jl E S V L T .S A N D ni S,(; II H ,S 1 () N 

'Phe temperature-dependence of the attenuation coefficient for the }mre, liquids 
has been shown in Fig. 1. (hirves T and 11 are lor two ditfeieiit rells filled wnlli 
pure eye.lopenianol. SiinilarJy, curves 111 and IV show the ahsorjit.ion in pine 
(Aolohexanol in the two cells. 

Fig. 2. shows the relation hetiveen temperature and the aftemiation co- 
efficient for the 10% solutions of the eyclopentanol and cyclohexaiiol in heplaiu*. 
In ealeulating attenuation coefficient for the solutions, the eipiivalent thickness 
of the substance in the cell instead of the real thickness of the cell has been taken 
into consideration. 
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The varluis of th(^ rotor onloulated for the different samples are given in 
1’able J. It is found to be about J.4x I0'“ cm m each case. The tempetatures 
at which the maximum alisorfition take place in cyclopentanol and evclo- 
hexaiiol aie and respectively. From Fig 1 it is observed that the 

two cells of diffemil thickness give identical results which show that the absorp- 
tion is genuine. 

^rABLF 1 


SubstanccH w/iirMc/floc. 

Cl 


TX lOll/StH! 

1001^ 

,,,nK 

a y 10** cm 

Cyclo- 041.T 

puntauol 

o.no 

1 45 

1 31 

1 00 

300 

1.42 

(jyclo- ,, 

boxanol 

K . on 

I 40 

1 35 

L* 00 

370 

1 41 

J0%Holu. „ 

of cyclo - 
pcntannl in 
iiejitano 

(i 00 

1 43 

J 4H 

1 70 

281 

1 40 

10% HOlll. of 
eyclolioxanol 
m heptane 

5.00 

1 44 


287 

1.43 , 



Tompei atiire — > 

Fifj;. 1. Curve I — Pure cyclo|)eptanol, thiokncH's of (he liquid = 1,4 cm. 

Curve IT — ,, ,, M ,, : 1.0 cm. 

Curve 111 — Pure cyeloliexanol, lliicknefcH of ilio liquid = 1.4 cm. 
Curve IV- ,, ,, ,, = l.Ocm. 




361 


Absorption of Microwaves m UyclohejcanoL etc. 

Thp fact that the solutions m heplaiio show the maxiiiinn) ahsorption of the 
iniciowavos at much lowm temperatures also lends additional support to the 
coneliisioiis that the ahsoqitum is spuidne and tliat it is deiieiidcnt on the \ iscosity 
of the liquid, as postulated in J)ebve'K theory. These results iiirther show that 
Dc'hye’s formula is ap])lica}»le m these eases 

From Fi^ 2 it is ohseived that the values (»t ttie luaxmmm attenuation 
eoeHieieiit for t he solutions of eyelohexanol and eyekqientauol in heptane are K t) 
and 12 I) resiieetively. Fig 1 on the other hand shows the maximum values in 
the case, of pure eyelohexanol and eyelopentaiKtl to he I S4 and 2 SS resiieetivelv 
The merease of absorption in the ease of the soliuious indieales the merease of the 
free OH group m solntions Hence it can he eoueluded that the OH gi'ou]) m 
large iiiiinher of molcimles in the pure substaner's have no treedom of orienta- 
tion This can only happen if associated pairs of molecules are loiiucd through 
intermoleeular 0H...0 bonding. It can therefore he coni hided that in the jnire 
alcohols loose dimers are lormed through mti'rniolec iilav OH . () liond and thc\ 
break iqi into single molecules in solution'- 



4’eniperaturo — > 

Fig. 2. Ciurve I — 10% solution of cyclopo/ituiiol in lu-plaiw, (iIik-Ioj^h 
of the roll = 1 J fnv.) 

Curve n— 10% solution of ..ydohexanol m hepliun-, (thiolau'ss 
of the cell = I 4 cm.) 

In solutions in carbon tetrachloride, however, no absorption was observed 
though the viscosity of the solution m OCI. is iicarly the same as that of the 
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Holutif)]! Ill It might bc^ experterl that the 0H...0 liorirl should break 

up in these solutions. Hence the absence of absorption indicates the formation 
of a new type of hydrogen bond due to the action of the solvent molecules It is 
(piite probable that the OH group of the molemile of“ eithei of the compounds 
forms virtual linkage w ith the chlorine atom of the OOI 4 molecule m the solutions. 
This newly foi'ined OH.. 01 bond prevents the free orientation of the OH grouf) 
and consequently, no absoiqition of the microivaves can take place in ihese solu- 
tions. Evidence foi the furmalioii of such OH...(M bond between the solvent 
and solute molecules in the solution of ethylene chlorhvdrin in (^Cl 4 was observed 
earlier (Bhattacharyya, 19511). Study of the infrared absorption of the solution 
of ethylene ( hlorhydrin in CCjj (Mazuinder, 1959) also led to these conc lusions 

'Fhc results of these investigations thus throw much light on the nature ol 
influence of iiiterrnolccular fields m such ])olar litpiids and their solid ions in 
suitable solvents, ^ 

\ 
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LIGHT ABSORPTION IN PARAMAGNETIC IONS IN 
STATE OF SOLUTION. PART II— Ni+' ION 

A. MOOKHERJI and N. S. CJHHONKAR 

I’lryBirH Laboratokiks, Aciua Coli.kok. Ac;u\ 

(Receii>crf, June 10, I960) 

ABSTRACT. 'J’lio light abtiorption m iu(uooiih Kolution oj* niolii'I miltH iiro HludiHd 
in iho rftngo 10,000 A to H900 A hy a Hilgor llvi-spolt spofUophobimotor aiul tho roHultn 
aro diacuasod m tlio light oT oryatalline eloptrit* field lliooiy. 

The cubui fiold coeffieiont has alnioat tho Haiiie miIuo in hII tlie ealln except llie amino* 

HllltH. 

It 18 obanivod that the torin aepaiatinii coiiieK hi be smalJor Im the ion in ciyHtal 
than loi tho froo ion. Fiom thiw lowering the covalcnoy facto i- /a was ovnluatcd. jT- tendn 
to a value of 0.9 for all the eaUrt except tlio uinmo-HultH iioinlmg that is unity m them, 
in amino-Haltw f‘^ ariMos from a and •ir orbital overlap 

Excellent agrpoinnut with the inoaHiiicd values oI niagnetu aniHotiopy wiih obtained 
by attributing the bands at 13,900 enr' mid 15.200 ciir^ U8 due in the Hjilittmg by a crystal 
field of tetragonal syniinoti'y. 

Tho ofTeot of long lange field wuh obfioived to be very pionounceil in Hingle Hiilphate 
and salenato, double Hulphates and Holenatoa of K and Itb. while this wok Ie.s 8 pronounced 
111 double Hulphat.oH and Helenatos ol NH 4 and Tl. 

INTRODIKiTlON 

' In thB previous part of this paper (Mookhcrji A Clilionkar, Hi.Mt) whieli »e 
shall refer as part I hereafter, a systemaiic optical invcsti|ratioii of the consequences 
of the crystalline electric fields on cupric ions iii ahout twciily dilforeut salts in 
state of aqueous solution has been reported A iiiiinl.er of interesting results 
ihat have been obtained arc • 

1) At least some of the co-ordinating members of tlic octahedral chistci- 
obout the Cu * ^ ion in some salts are very proliahly other than water molecules. 

2) The complex, lCu(H,0),]“-', m different salts in aqueous solution is not 
truely ionic but possesses some amount of covalent bonding. 

3) In some salts appreciable o--bondmg prevails and 7r-boiiding is neglected, 
while ill others there are both ir-orbilal and TT-orbital overlap. 

4) The position of the absorption hands lu state of solution does not vary 
much from salt to salt amongst sulphates, nitrates, chlorides etc.; while there arc 
appreciable variations amongst others (i.e. acetate, propionate and formate). 
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For frop fJu-* ^ ion, the ground state is ^J), no other terms of the same niulti- 
}»liciiy lie very close, whereas for free Ni++ ion the ground state is and a term 
of the same multiplicity lies 16,900 cm“' above it (Moore. 1952). Naturally 
the crystal line field splitting of the ground state of the tv o free ions will be very 
different Just like Cu*^^ ion, in octahedrally (co ordinated salts of Ni-^-* itm. 
an orbitally non -degenerate level lies lowest in the Stark-pattern, but weaker 
spin-orbit (ioiipling in Ni'^ ^ ion makes the contribution from the uppm’ IcA'^els 
to the (j- and //-values a])preciabiy smaller than that for ion (Owen, 1955. 

Bose and Mitra. 1952). 

Dreisch (4 al. (I9J7, 19J9) working on the selective optical absorption spectra 
of Ni> ^ ion in [Ni(H 20 )g]*+ and fNi(NH 3 )gP^ salts observed broad absoi'ption 
bands vith centres at about K,497 om“*, 15,370 enr ^ and 25,510 cm and 
10,S04 cm~^ 17,200 cm ’ and 27,900 cm“* respectively They reported a fine; 
Htnnjture of the band at 8,497 cm-* Ow&ii etal. (1957) ivere unable to find anv^ 
such fine structure of this band, using much higher resolving power mstruinents ^ 

Jorgensen (1955) has shown that in a senes of NP ^ comjilexcs the lowest 
singlet state intermixes strongly with triplet states giving rise to double bands 

The present communication deals with the measiiromeiiis of absorption spectra 
of about twoiity nickel salts in a/pieous solution The results are discussed in 
the light of the theories developed by Hartmann and IMiiller (1958), Orgel (1955), 
tldrgeiisen (1955), Grifiiths and Owen (1952) and Owen (1955). 

EXPERIMENTAL 

The measurements were carried out by Hilger’s Uvispek spcetrophotometei* 
and the same proi'.ednre as in part 1 of this paper (Mookherji and Chhonkar, 1959) 
was adopted. Chemicals used were of Merck’s gravimetric reagent quality 
Triple distilled water was used for making solutions. 

The measurements were eeiitred round about 27°C, but no observable (diange 
in the position of the absorption bands was noted for small room temperature 
variations. 


RESULTS 

The results of the measurements are collected in Tables la and lb. In order 
to get prominent absorption peaks for iho salts studied, tlie solutions had to be 
diluted. Just like cupric salts (part I), progressive dilution from that concentration 
at which the prominent peak is obtained, does not change the position of the 
bsorption peak. The variations of absorption in different salt solutions are 
shown graphically in figs. 1 to 18. 
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TABLE la 


Maxiinuiu abHori)tioii at 


Sally 


Conronl- 
ral lonn 

0 / 

/o 


\ III A 

1 

. J 

Waver) uiiiborH in 

fill"* 



, rr ! 

I m \ 

IV 

11 ; 

m 

TV 

N 1 SO 4 


» 

7190 

0.780 

39t70 

13,910 

17.200 

27,320 

NiSeO^ 


4 

7*220 

f).770 

3970 

I3.R.70 

17,220 

27,3*20 

Nl(NK^ SO,), 


•1 

7*200 

0.700 

394:7 

I3.S90 

17,240 

2.7,370 

Ni(K S()4), 


4 

7190 

0.7/0 

.391.7 

1.3.910 

1.7,220 

2.7,370 

Ni(ni. S()^): 


4 

722.7 

0000 

397(t 

1.3,870 

1.7.1.70 

27,320 

N,(T1 SOJ, 


Stll. 

710.7 

0700 

3947 

13,900 

1.7.240 

27.370 

Ni(Njr4So(),). 


4 

7230 

0.7 SO 

3970 

13,S.30 

1.7.2(tO 

27,320 

Ni(K Sl-O^), 


* 

72.30 

onset 

3970 

I.3.H.30 

17 200 

27,320 

NiCij 


’{ 

7 ISO 

0.7.70 

.3!).7(t 

I.3.9HO 

17,270 

2.7,,‘l2(t 

Nil3i . 


2 

7220 

0,7H0 

3970 

1 3.H.70 

1.7,200 

27,320 



2 

7! 90 

0.770 

39.70 

13.910 

1.7,220 

27,320 

Ni,Biu(N(),),, 


4 

7240 

0000 

.394 7 

I.3,H|0 

17,1,70 

27,370 

Ni((’HOO)., 


2 

722.7 

000(t 

.39.7(t 

l.3,H.70 

17,170 

27,320 

N.(CHa( !(>()). 


:i 

720(1 

0 7 so 

3970 

1.3,890 

17,200 

27.3*20 
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Maxiiiuini absorption at 


SaltH 

).jonreii).rtt- 

tion 


X in A. 

'n 

Wavenuiubors in cm * 


1 

7c. 

ri 

11 1 111 

j - 

T 

|ii-hin 1 

IV 

tw 

lNi(NH,,)4l(S04) 

2.25 

1:1 

j NH:40H 9.7U0 

.7785 

3000 

10,730 

17,280 

27,780 

fNi(NHs)d(OH) 

I .7 

II 

j NH 4 OH 9.727 

5777 

300(t 

10,490 

17,310 

27,780 

Lt5'i(NHr,)4l(Cl) 

2.0 

1:1 

j NH^OH 

9350 

.7750 

3600 

10,700 

17,390 

27,780 

lNi(NH3)4l(CJL'iC!00) 

2.0 

1;1 

j NH 4 OH 932.7 

.77.70 

3000 

10,720 

17,390 

■27,780 
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Fig. 1 . iStark splitting of ground state 
of ion. 


Fig. 2. Absorption curvo of 3% 
N 1 SO 4 solution. 



Fig. 3. Absorption curve of 4 % Fig. 4. Absorption curve of 3 % 

NiSeO^ solution. Ni (NH 4 .S 04)2 solution. 
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n. Absorption cjurvo of 4 %- 
Ni(K,So04)a Holuiion 


PiK. 10 Absorption ourvo of :i % 
Nit’la solution 



10 9 B 7 $ 5 -4 

WAVELENGTH X (^) 

Fig. 11, Absorption curve of 2% 
NiHi-) solution 



10 '9 8 7 -6 5 4 

WAVELENGTH 

Fig. 12, Absorption curve of 2 ^ 
Ni(N 03 ):. solution 
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Fig. 17 Absorption curve of I..*! % 
[Ni(NH 3 )iJ (OH), solution 



WAVELENGTH \()U.) 

Fig. 18. Absorption curve of 2% 
LNi(NH,)vJ (01)3 solution 


J S C V S SION 

* 

{a) The abfiorplion spectra ■ 

For all the salt solutioiiH studied in Table Ja, the absorption spectra cousisl 
of three maxima at about 13,900 rm“^, 15,200 cm and 25,350 cm ^ uithiii the 
range of our siudies. We shall designate tlieni by IT, 111 and IV respectively 
The first maximum observed by Droisch et at. (1937, 1939), which lies in the infra- 
red region for all the salts (~ 8500 cm *) except amino-salts (Table Ib, for which 
it lies in the visible range 10,800 cm“i) will be known as 1 . 

The inaxjinuni at about 15,370 cm“’ was detected by TTreiseh and Tromuier 
(1937) and was later identified by Owen (1955) as aiising due to the transition 
from Htark-level Fg to r 4 (Fig. 19) This is almost identical yvith our 111. The 
maximum IT was not detected by them but has recently been observed by Owen, 
Holmes and McClure (1957) in N 1 SO 47 H 2 O, NiSiF^.eHgO and K 2 (Zn.Ni)(SOJ.. 
fiH.g 0 (1% Ni) crystals and also in state of dilute aqueous solution of nickel sul- 
phate using a spectrophotometer. The bands II and TIT were named as ‘red 
band’ by them. Hartmann and Muller (1958) using three glass prism spectrograph 
and infra-red sensitized plates found this ‘red baud’ to be single. But on enlarge- 
ment of the photographs this band showed a fine structure (four peaks named 
by them as C, D, E and a). Three of them are of almost equal intensity, whik* 
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llie fourth one is very ihen iniorpretcd sniuo «>f Iht'tst^ sslnir-tiires jii 

the light of the theory put forward by flartmanii ( 1904 ) and Furlfiuie (lOdV). 
TKey attributed Ihe first two peaks {(! and D) as due to tetragoual splittuig, while 
the fourth peak (a) vraa assigiieil to the tranaitiou due to mixing hut fadc'd to aeeouiil 
for the third peak [K) on the basis of the energy level diagram derived fronil igand 
field splittings. Aceording to dorgensen (105H) also the oeiiinenei' of the peak 
{K) is a very puzzling problem. The assignment cd llartmaim and Muller ean not 
be eorreet for r^'asons to follow. 



f 

F i T; 


— ir? \ 

r F 

r-T Z 1 

j 

-HTiri — ] 

■R i 

*8D* 4 

1 ti 

l-lflDy, ; i 1 

r~\ T ! * 

> ; 

: 1 ! ! i i 

'2 ; 

Free ion • 

Cubic 

' Tetragonal 


Pig HI 


This third peak ean not be due to vibiational level beeause then it would 
have been much affected by solvent, solute and dilution (Fieed, 1942) and also 
IhiH .separation ('-^1300 em“^) is too high (Sehnltz, 1957) The intensity of this 
band is almost equal to the transitions from other Staik-levels and lienee ean not 
be also due to mixing (Orgcl, 1955) According to Balhaiiseii (1955) the oeeurrenee 
of Tf and TTl bands is either due to tclragoiuil field effects or to [h, S) coupling 
effects. Jorgensen (1955) has pointed out that {L, S) eoii])ling alone ran not 
explain the occurrence of these bands 

b) The cnfslul field and energy levels 

The ground state ol Ni+' ion (3df** '*F) under the influence of a ery,stalliiie 
electric field conforming to a potential of the type, 

V -- K' ^ -|-r'2(2z2-.T-- /) I T\ ^ s*' | 0:rV- ^ , ■■■ (') 

where K — T‘» ^ er^T,„ T^ = er^T'^ and is the avci-agc value for 

the radius of Jd-electrons, splits energy levels as shown in Fig. 19. 

5 
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The HO Hplit levelK will be approximately, taking the lowcKt as zero, given 
by (Owen, 195f») 


p, E’+X-l *K I ir,- I^T, ] 


p., X 


' 7 


U' It, 


4 44 rp 

" Kirj ^ 




I, ^ A' -t- ^ ^ 7* 

21^+105^^ 


h K •*** 7' 

2J 105 


From the experimental observations of Owen, Holmes and MeClure (1957) on 
single crystals of NiSO^ . 7 H 2 O, (Zn, Ni) .K 2 (»S 04 ) 2 . 6 H 20 and NiSiFfl.GHgO and on 
aqueous solution of NiS 04 , it is seen that AEj, (Fig. 19). This will Ik* 

evident from the Table II., and heiiec ^ compared 

to I^E^. II. is seen also that we are more correct if we take AJE7j, IlAA’ft. 


TABLE II 




3A%-A£?,i= 


NiS04.7H2O 

KadZn, Ni). ( 804 ) 2 .eHoO 

NiSiFfl.eHoO 

NiS 04 ( 8 oln) 


8500 


200 
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Let us assign the i)an(L I due to transition K \ 0 and eiill it 


Then 


and hence 




AAV, - 'j\ 


... (:^) 


J^'roin the cxi)rcssioji (3) the value of ']\ can he taJeulaled which comes out of tlie 
jjghl order as suggested by Owen (lt)/»o) This also supports oiir argument that 
wc are correct to take — 3A^j. 

Let UK assign the other two bands 11 and 111 as due to tiansitions 

('j — > () 

(as given by E(| '!) 

C, -►(» 

and designate thorn by and A/i',^ res])eetively (Eig Ih) iben tollonipg 

Onen, Holmes and Mc(3ure (1957) the band Til can b(‘ taken .is A/i',. j o 

AAVa-^^'r 7 (+) 

if the effect of V'^ and 7\ are neglected (in this we arc* jnstitied as T., and 'l\ are 
themselves small and are ol opx>osite sign in the expression for energy) From 
expi’ossioii (4) X comes out as l()()cin“L This X may be neglected compared to 

while iitting the o})tical data. Hence we get 

AA, = 3AA'„ K - ij Aft', . . (r>) 

So fioni a measurement of eithei of \Ej, or XEf, oi A/i'p one can evaluate K which 
arc shown in Table fll, 

Tn nickel-am mo-salts K is calculated directly without any ap]iroximatiou 
since the transition is known 

A'-values (Table III) indicate that m state of solution all the six membeis 
of the clu.ster about the Ni ' ' ion may be the same in 3hit ton-salts and halides 
etc. but in amino-salts they will be diflercnt. 
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f ) Evalvation oj' the term separation {E') 

Fur ions \vhcie ^‘2^-term lies lowest, the term separation E' in er^'stals, vvhicli 
is an important spcetroseopie constant, can be evaluated if at least two out of 
(he three transitions are observed (Owen, 1955) From Fij^ 1 it is seen that 

tv - ^Kp -t- AAV - 3AAV (b) 

(negleetniK the small tetragonal terms) 

Kroiii which we. have 

A' -- A A',, (a very good approximation) (7) 

In ainiiio-salts E' can lie evaluated without any appi’oxiniation howevei 
small they might be since all the three transitions have been obseived. These 
aie given in Talilc 111. 


TAHLK ni 


mills 

K-valin'.s 

••III • 

■ \ aliM^K 
cm 1 

f--\’»vlm 

p-\ IllllDS (hoIii.) 

111. 300'K 

Opli- Muifnc- 
CU.1 ( i( 

g-i allies \ 
rlt 300''K ; 

t'ak'ii- OOrtci-' 
liilcd I'cd 

NiSOj 

J7 7-!"i 

15,200 

0 000 

3 27S 

3 31!) 

2 280 2 20 *• 

■NiScO, 

1 7,72.’) 

15,220 

0 IHII 

:j 27 s 

1) 258 

2 280 

Ni(N,tr,.S(),). 

17.74.-) 

15,240 

0 002 

3 277 

:i 219 

2 277 2.5^ + 

Ni(K SO,). 

17.74.') 

J 5,220 

0 001 

3 277 

3 314 

2 277 2 25-^-^ 

•Ni(T{)..SO|). 

17,725 

15,1.50 

0 sot) 

3 208 


2 270 

Ni(Tl SOjIj 

17,74.5 

15,240 

0 902 

3 ill 

3 321 

2 277 2 2.5*'*' 

■Ni(NK,Sc(),)j 

17,72.5 

15,200 

0 90t) 

3 278 

3 184 

2 280 

Ni(K S(W).,), 

1 7,725 

15,200 

0.900 

3 278 

;i 10.3 

2 280 

NiOlj 

17,72.5 

15,270 

0 904 

■J 278 

3 245 

2 280 2 21*** 

NlBl;. 

17,72.5 

1.5,200 

0 900 

3 277 

3 280 

2 280 

Ni(NO ,). 

17,72.5 

1.5,220 

0.901 

3 278 

3 320 

2 280 


17,745 

1.5,1.50 

0 890 

,3 277 


2 . 280 

Ni(CHOO), 

17,725 

1.5,1.50 

0 H90 

3 208 


2 270 

Ni(CtI:iC()0), 

17,725 

1.5,200 

0.900 

3 278 

3 322 

2.280 

Ni|(NHa),J(SO,) 

22,11.5 

13,470 

0,797 




Ni|(NH.,),|(OH) 

22,030 

13,020 

O.HU.i 




NiUNHd.KH) 

22,470 

1.3,070 

0.773 




■NiL(N.H ,).l(OH ,0OO) 

22,512 

1.3,010 

0-770 




♦ () lo (i‘>r>3) 

Griffiths ami Owen (19.52) 


3’ing and WilliaiiiH (1951) 
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Jt is observed that there is a hmerin^ of the term sepai-atiou k!' tor Ni' ^ ion 
ill crystal from the free ion value ot E _ eni * (Moon*. I9r>2) 

Following Owen (Hino) this lower iiig may he aUrihuted to the eovalenev 
factor /2 arising from partial overlap of the :W-(»rhitals with rr- and 77 -orhi(.als ot 
the Miimoiorliiur Jitinn^ 


Hence 


E' 


t: 


P 


(S) 


where .p 

Jn ordinary nickel salts 2 Fnm, tin* alanr* relaiion one (‘an eaU 

eiilate /- Avhieh are given m Table ]11 

Primarily this eovaleiuy factor slionld riot be different for all the salts in 
which Ni' ^ ion is similarly (ioordrnated with si\ water inoleeule,s, hot there might, 
be a])pree,iable change in the overlap betneeii Ni' ' ion and that of oxygen and 
hence in the covaleney faetoi from salt to salt arising fioin (he eftei t ot distant 
atoms. Jn state of solution distant atom etteet will be negligibh* and hence 
coNaleney faetoi should not vary a])])ieeiablv from salt to suit \Mtli siinilai co- 
ordination. 

An examination of the /--values shows that in all the nickel salts p ().!) 
except for t he ammo-salts, where it tends to he t) 7H. This suggests iUai fP may 
not be negligible in nickel ammo-salts As a result both <r-and 77-orbital overlap 
mav exist so ihni fP ~ d 9 and ~ 0 S5 making Z'* 0 711 mviilv as observed. 


d) EvaluuUoh of th(^ nieaa wm/tietu momcnl /( 

Following Schlapp ami Penney (1982), (hiftlths and Ow en (IJirii!) t,he ])rincipal 
magnetic moments //|i and //i along and normal to tiie axis of symmetry of the 
W'at,er (duster about the Ni ' ' ion are given by 


I C/' ' 

/t\ — ^ [ I 


. . j - :U-7'a', j 
. j UTci\ ] 


{^>) 


where 0^ ^ 4/3A2 . (a\ - a'p) and 0^ - 2/8A2 . (a'|, -a'j. ), A is the spin-orbit 
coupling constant for the free ion and is c(pial to — 324 cm ^ (Hhenstonc and 
Willets 195]), a' II and a,\ are the coefficients of the crystal field. 


Fi'om the relation (9) 


-- 8{I-| (HA- 3leT)a'} 


... ( 10 ) 
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where 


a' I + 2a.\ 

3 






2A 


P 
K ’ 


Heiiee utilising our A'-values and /^-values /< lor Ni' ' ion in different salts in state 
of solution are evaluated and given in Table TV. Tu order to cheek these deduced 
values wo have measured the magnetic susceptibilities of nickel salts in state of 
aqueous solution at coneontrations of optical measurements by modified Curii^ 
halance (unpublished, D.Neogy). These arc also given in Table l\'. 'Chere is 
a close agreement between these two sets of values 

(c) (hhmUjtifrn- of th(t factor '(/ • 

According to Owen (10.f)5) the splitting factor foi Ni*' ion is given by the 
relation 


U ^ 


12KA 

K 


■p 


where the symbols have their usual meaning. 





Thus one can calculate <y-values in state of solution from the optically observed 
K and /^-values These are given in Tabic IV. Directly measured ^/-values m 
state of solution are not available for comparison. However, it is interesting 
to note that ^/-values for some of the nickel salts m crystalline state do not difior 
much from oiii evaluated values. 


if) Anifiotro'jnj of the fb/.s’<rr about the Vr' ' ion in .state of .solution ■ 

Vor the octahcdrally coordinated Ni ' ^ ion, in the salts studii'd thf* pi cdomi- 
iieut cubic component of crystalline cloct rit Held acting upon it from the surroiiiid- 
ing charges H])litH its original ,/-multiplel state 3d® into an orbital singlet lying 
at about 10'^ cm ' beloAv the two triplets A very small ihombic component of the 
field removes the orlntal degeneracy of the triplets. Van Vleck (J9.32), Schlapp 
and Penney (11)32), Griffiths and Ow^cn (1952), Blcaney and Stevens (1953) and 
Stevens (1953) have calculated the three principal susceptibilities under the above 
(‘oiiditions. Bose et at. (1958) have shovai that on the assumption of an ajipioxi- 
inate tetragonal symmetry and since in nickel salts /vj., susceptibility normal to 
the tetragonal axis is greater than ff, that along the tetragonal axis, the aniso- 
l I'opy ol the individual paramagnetic unit is given by 

AA' - A-,-A-„ = X(ax 

I ... (12) 


where (J -- !(«. +2a„)/M 2A{a,>-| 


and a and a , are the priiici])al field coefficients related to the splittings of the 
orbital levels in a tetragonal field. 
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ax and a,, must be known lYoin optical observations before one (‘an calculate 
AA^ This IS (lone in th(‘ following manner 

As shown in Fig 20 the split le.vcls m .a teti agonal iield are named as 
AAcg, AA\.^, AA/j >2 and 'Plien we will have 

— - — AA’ , and 
a.," 

further ^ - AA^,^ and 

a I 

When the tetragonal components are alisent tht‘ mean centres are AA^ and 
AA/^ which are relat(^d as 

AAV - I.H AA>V (14) 



The effect of the tetragonal field is to make the mean centres as 
, where 


AAV, 


AAV, 


... (i:i) 


„ _ a,|+2ax 

y " — ^ — ■ — - - ^ Oi — — 

* 3 ’ 3 


and “ = !■*“" 

Since we have observed AiJpj and A£p, , hence a" can be calculated. 
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From tho c‘X|)reKHion (2) it can he hcdii that 

a - I Sa" - * [ * -}- ™ ^ 1 

3 I A \ B A tyB I 

vrliorc A =-- , A ami B - 

21 105 '' 

Thus ihc valiic ot T,^ lor diflLM’eut sallH can he evaluated. These are included 
in Table IV. Hence iisin^ Ihe values of A' and 7^ for different salts in Fq, 
(l.’l) OLi and a]i are iinniediately obtained and from which AA". These values 
are shown in Table IV 

We liave included AVi -values so ealcidat(‘d in Table IN’" and foi comparison 
given the AA'-values from magnetic measurements by Uosc et nj {105H) The 
rliffercncc that is ubservcid between the anisotropies of the paramagnetic unil^ 
in slate of aipieous solution and m crystalline state can be well understood follow -. 


TABLK fV 


Sails 

V'l 

ai > 10’ 

o , ✓ 10- 

.i/v • 

Opt ical 

lO't 

Mnjrni'l ic 



(a) Siilplial 

)' Sim ICS 



1 l(‘|)laljy(liat<( 

J ;i 1 r, 

13 oo:. 

II 677 

201 

2,78 

Ni-r^ 

1 :j n 

13.007 

1 1 . 67.7 

204 S 

210* 

K 

i:j.-)I 

13 1)87 

11 666 

201 

' 2«l 7 

JO) 

Hint 

13 123 

1 1 660 

223 

2H0 1 

'I’l 

1 ho:. 

1 3 . 038 

II 671 

211 8 

221 1 



()>) Hcic'jial o Soi M\s 



Kcxahydi iilfk 


13 072 

1 1 66.7 

217 3 

370 



13 020 

11 671 

208 

212** 

K 

i:n'» 

13 020 

II 671 

208 

234 .7 



(c) Kulult' 

SoriCH 




J2‘in 

12.087 

11 670 

201 


Oi'j 

oiiri 

13 012 

1 L . 66.7 

212 




(il) Nilialo Senca 



(NO,) 

i:jir. 

13 00.7 

11 67.7 

204 


]{i 

J7:j:i 

I3.40r, 

11.600 

274 




(o) Organic I3anc Senes 



((oroo) 

1430 

13. 123 

11.660 

223 


(('H, OOO) 

13 If) 

13.007 

It. 67)7 

204 

370*** 


Ivrislman ( MIM.'f) ** Mookliorji 1 19460 *** Mathur (xmpubhshrxl) 
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iiig Van Vleck (1939), Bose e/ al. (195S) and Btiso ami Mitra (1952) Accoiding 
to them the major cubic held arises from the water (‘hunter about the + ^ i<m 
ill the hydiatcd salts and beuco leaves an orbital singlet lowest in the Stark-pattetn. 
The xn'imary Jahn-Teller effect can very feebly distoj't tlie water cluster resulting 
in the feeble anisotropy of the electric field abonl the Ni ion Tn order to (‘Jiphiiii 
5% to 8% anisotropy ol the clnsler there iniisl be an iulditional distortion of tlie 
LNi(H20)J' ^ cluster. This is supplied by the field of (‘barges or dipoles outside 
the cluster i.e by the effect of the distant atoms. Mow in stati' of solution this 
effect of distant atoms will be very small and hence the additional distortion As 
a result magnetic aiiisotropj’^ A A' of [NdK./))^! ' ' cluster in state of solution should 
differ from that of crystalline state It is observed that this distant atom 
effect is very much pronounced in the double sulphates and seleuali's (jf /v, Rh 
and single sulphate and not so much pronomuied in doiibk' sulphates and sehMiales 
of NH4 ami Tl. 

We have made ineasui emeiits with a hiiiglc crsslal ot Mi.K^(SOJ2-fiJl2^- 
The observed bands arc at 14,145 cm 15,550 cm ' and 20,000 cm ' The 
calculated value of K is IS 197 cm h JiJ' us 15,550 cm ’ and hence j~ 0.t)2 
Taking this value and J\ we have calculated //, (/ and AA values These ar(! as 
lolloAVS . 

Caleiilated ()bs(U v(‘d 
3.27 3 IS 

2 2S 

2'JO 201 4 

The agreement between the observed values and (*alenlated values is viny 
good 

If one accepts the lindings of Harlmaiiii and Midlei (195S) that the lelragonal 
splitting 111 Miy04.7H20 and NiS04.0U,0 ervstals isv^400 cm ‘ as emrect and 
calculate A/f then one gels a very absurd value of AA Kor heptahydrale AA 
comes out as 530x10 “ as against. 254 (magiietie measurements) and for hexa- 
hydratc the same value as against 354 (magnetic measurements). TTnis the 
findings of Hartmann and Midler can not be correct. 
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ON THE ELECTRONIC SPECTRA OF 2-BROMO-AND 
3-BROMOPYRlDlNE IN DIFFERENT 
STATES AND IN SOLUTIONS 

T N MIKKA 

OfTTPB DliPARTMUNT JnuIAU ASSOPIATIOV TOlt 'I’HR (^ni,TlV \TTON 
OK iSciKNOE, Calcutta ‘^' 1 . 

{Hecuved, May 3u, 1960) 

ABSTRACT. Thf ullriiviolpt ivbHorption spoclni of LLbmiuo- uml S-hroniopynrlino 
in all tho threo phasOH and also of ibcir Holutions have hooii invi'HliKnti'd and ii lonlaiivo 
as^-ignmont of tho hands of flm vapours has boon inado 

In tho vapour pha.so, H-bioiiiopyi idino exhibits luo systeins of diHuote bandH, one duo 
to iho transition (Transition I) and the othor duo to ir-^ir* tiansition (Tiansiiion II), 

In tho liquid atato, in tho Holitl stale at -180°C and in solution in alcohol, the n ->7r* transi- 
tion iH absent and only one systoni ol bands duo to trausilion m oliMiuved In the 

apoctruni duo lu tho solution m 3-methyl iionliine, hou over, thi' n ->ir * t nmsit ion pel sisls 1 1 
IS suggestod that the molcculos of 3-bromo])yridin(' form iiSHocinled groups Ihroiigh flio 
nitiogOn oloctron and Uio hydiogcn atom of neighbouring moleeulos m Ihe stiitos of 
aggregation of the pure subsliuieo. 

In tho ease o( i-biornopyridmo it is eoiifiiiued that Iho )i tiansihon is absent not 

only in the stale of aggregation and in solution in aleohol but also m its spiK-lra duo to tho 
vapour phase and solution in 3-methyl pentane probably duo t/O the mtnunoleeular mduetivo 
mfluoneo of Iho bromine atom on the eleetron of tho odjac ont uiirogen atom ns suggoHted 
by oailier worlcei-H. 


KODUCTION 

J1 iH now iui cslabJiahed tact (Kasha Mind, Kush and Si.uiici, HI.', 2) that in 
tlifi riuav ultraviolet absorption spocliiiin of A'-liel rocyclie ( oiiiiiouJidK lu the vapoiii 
state there is a second system of bands due in tiie exeitalioii of a nonliondmf; 
sps eJoetron of tlie nitrogen atom lo tlie first mitilled Tr-iuoleculai i.rliilal oi the- 
ring called transition besides the system due to ir-iTr* transd ion 

Eeceiitly, Eancrjcc (1956. 1957) studied the aiisoiptiou B])pctra of jiyiidiiie 
and the three’ isoinerie pieoliiies iii the liquid slate and in the solid state at low 
temperature and otiscrved that the second system of bands due to the n-tir* 
transition disappears with liqucfaetioii of the. vapoui and it is absent also in the 
spectrum due te the snbstauees in tlie solid state. The absenec of the 
transition in the. licpiid and solid states uivs explained liy lum on the assumption 
that ill these states of aggreugatioii the iiiolcoiiles arc associated through weak 

SBl 
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vivtnal bonds formed by tlie non-boiidiiig electron of Ihe mtrof'en atom and ibe 
liydroj^en atom of neighbouring nioleculcH 

Roy (1058) studied the absorption spectra ot solutions of pyridine in dif- 
ferent solvents and obtained both n—¥ n* and tt— > n* trausitions in solutions 
m eyclohcxane, Il-inethyJ pentane and carbon tetraoliloride But in the spectrum 
due to the solution m isobutyl alcohol, the /?-> ;r* transition was found to be 
absent and this M’as attributed to the formation of a bond between the pyridine 
molecule and the OH group of alcohol molemile through the iioii-boudmg electron 
of the nitrogen atom. 

Stephenson (1954) studied the absorption spectra ol some substituted pyridine 
comiiounds including 2-bromopyridinc and 3-bromopyridine dissoh'^ed m iso-octane 
and ethyl alcohol. In the case of solution of 3-bromopyridine m ethyl alcohol 
the n— ►TT* transition was found to be absent, but it appeared in Ihc spectriuii 
due to the solution m iso-octane. In the case of 2-bromopyridinc, however, 
no ihaiige in intensity was observed in the lov' energy region when tlie solvent 
w'as changed Ironi iso-ottane to alcohol. The «— > n* transition w'as lound to be 
absent also m ihe specirum due to vapour of this substance He concludefl from 
these results that the n—>7T* transition w'as absent in the spectrum due to 2-bromo- 
])yridine He explained this absence ol the ii— >7r* transition on the assumption 
that inductive attraction of halogen atom attached to the) adjacent cailion ai.om 
increases the binding energy of the nonbonding electrons ot the nitrogen atom 
and consequently the bands due to the w— >7r* transition are shifted to the region 
of the bands due to 7t->7t* transition. * 

The present woik was undertaken to investigate the ultraviolet absoiqition 
spectra of 2-bromo- and 3-bromopyridine in the vapour state and to analyse the 
bands, it possible, because Stephenson (1954) had not analysed these bands It 
was also intended to find out whether the n—^n* transition is actually absent in 
the case ol 2-broniopyridinc in the vapoiii state. 

The absorption spectra ol these compounds in the solid and liquid states and 
in solutions in diffeicnt solvents liavc also been studied in order to compare these 
spectra with those due to the substances in the vapour state. 


EXPERIMENTAL 

Chemically pure samples of 2-bromo- and S-bromopyridinc supplied by Fliika, 
Switzerland, were fractionated and the proper fractions were distilled under reduced 
pressure before use. To study the spectra due to the vapour absorption, cells 
of length 50 cm and 10 cm were used. The cell was filled up Avith the vapour at 
saturation vapour pressure at different temperatures and the spectra due to the 
vapour at different densities were photographed. Tw^o separate electrical heaters, 
one for the absorption cell and the other for the bulb containing the liquid and 
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H/iiached to the absorpthm (jell, A\ere used to i't>ntrol the tenipenil lire. The 
resorvoir containing Ihe litpiid Avas ahvays kept at a letnperaluiv about lower 
than that at any part ol the absoiiition cell To piodiiee a 1 oa\ pressure in the 
vapour in tln^ absorption tube, the tube Avas kejit at the room teinperaluie while 
the bulb e.ontainnig the lujiiid w-as mnnersed in a suitable linv tcMUptuature bath 

lo record the bands due to tt— > 7r* trauMtion in ^i-brom()p\ ridnie, the JO (un 
cell was used and it was kept- at the room tempeintiiro while the reser\’'oir was 
kept at 0 C. Ihe oO-cin cell under similar eoiiditions Avas used to record the 
bands duo lo the n—>7T* transition. Jn the ease of 2“bronio])yridim' an absorp- 
tion cell ot length 50 cm was used and the reset voir was ki‘])t at O' C tbi st udy- 
mg the rr^TT* transition and at 50"(^ toi stuflymg h ~> 7 t* transition. 

Very thin lilins of thickness of the ordei of a lew micions of the substances in 
tluj lujiiid and solid states Avere recjiiiKMl to ])ro(hice absorption bands due to 
TT— >71* transition Thicker tilins ot the Inpiids w'ere also used to lind out whetlu'r 
liands eorresjionding to transition w’t‘re present 

The .solvents used to studv the absorption .sjaa-tia ol the snlistaiiees in the 
solutions we-ie ethyl alcohol and 3-niethyJ iientane. The solvents weri^ round lo 
jnodiice no absorption band in the region undei considm-ation In this ca.se, a 
bra.ss roll 5inin thick inovided AAith (piartz windoAvs Ava.s used and the st-roiigt-h of 
the solution was A-aiied from .t)l“/i, to 08% by Aveight SpiMitrogranis were taken 
on Agfa JHo}).in film Avitli a Hilger E J speoti ograjih giving a dispersion ol the 
order of \\A per mm ni the region ol 2000 A. Tion arc sjiectruin w'as taken on 
I'aeli spectrogram as a eomparison 

Mierophotomedrio records Avorc ta.ken with a Kip]) and Zonen self-rccoding 
niicrophotonieter. The absorption speetia were calibiated with the liol}) of 
niieropliotometric ree.ord.s of the iron lini^s using the method described in an earlier 
paper (Sirkai and Misra, 1959) 

As the Raman and iiilrarcd spectra ot these two suhstaiicos had nut been 
studied by previous A\orkers, infrared absorjition spectra ot very thin films of the 
substance.s Averc recorded with a Perkin-Elmer Model 21 s]icctrophot()nieter using 
rock salt optics in order to find out the ground state vibrations and thest‘ weie 
used to verify the excited state freciuencies derived from the ultraviolets absorp- 
tion spectra. 


RESULTS AND DISCUSSION 

Microphotoinetric records of the absoi-ption spectra of S-broiiio- and 2-br()nio- 
pyridine in different states and in solutions are reproduced in Figs. 1-6. The 
wave numbers of the bands in cm“^ approximate intensities and their probable 
assignments are given in Tables I, IT, III and IV. 
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3 - Hrom o'pyridint 

(a) S'peclrurn. of the vapour phase. 

T1k‘ abHorptioii spectrum of 3-l)i*omopyrKliue iu the vapour phase (Fig. 1) 
shows tv\'o distinct systems of hands under different eoiiditions of pressure and 
lengtli of absorbing column of the the vapour. With the vapour at the saturation 
])i'eHsure at 4"r and wiUi an absorption tube 5t) cm long, a system of absorption 
l)andH starting at about 35000 cm ' followed by legioii of (‘omplote absorption is 
observed. The bands of this system are shai-]) and nairow and following Kasha 
(1950), they have lieen attributed to the n—>7T* transition (Tninsition T) At 
lower pressure of the vapour in a shorter eell, the second band system appears in 
the region 30000 cm ^ to 39000 cm ^ and the bioad bands of this system resemble 
those due to other substituted benzenes arising from the n—> 7 T* t ransition(Tra^^sl- 
tlon ri). The aiialvsis of the bands ol these tuo systems is discussed sejiaratijh' 
m the following sections \ 



35000 30»)00 37000 38000 

V III 0IU“J — ► 

li’ig J. Mif‘ro|ilicUomoli ie records of tie ultfaviolet absoijition i jiocli a cif 
3-bromopyridiii(‘ lu vapour etiite. 

i) 7 T—*n* transition {Transition U) 

The st rong band at 36300 cm ^ in this system has been taken as the 0 , 0 band. 
Most of the remaining strong bands represent transitions involving excited state 
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TABLK 1 

Ultraviolel. abs()ri)ti()ii bauds of 3-luoiiiopvii(lme in tlic vapour phase 


Wave no. 

(oin-i ) aaid 

AsRl^IliPUt 

Wapjo No. 

Assignment 

intensity 


iiitoriHily 


Tiansit.ion 1 

Transition J I (>;r— > 'T*) 

114778 (wb. (lifCuHo) 
34925 (wb, diffuse) 

y 

35S6(> (iiiAv) 

3.5986 (aa ) 

0-434 

0- 314 

35080 (w) 

0, 0 

35183 (8) 

0 [ 103 

36064 (nuv) 

36123 (av) 

0 - 236 

0-177 

35238 (w) 

0 ! J58 

36300 (s) 

0. 0 

35310 (K) 

0 i 230 

36458 (s) 

0 1 158 

35359 (s) 

0 1 279 

36.526 (av) 

0 1 226 

35412 (w) 

0 1 103 1 230 

36579 (aa) 

0-1 279 

35429 (h) 

0 \ 349 

36672 (s) 

0 1 372 

35409 (s) 

0 1 15H { 230 

36835 (u ) 

0 J I5HH 372 

35517 (ills) 

0 1 2 103 1 230 

30875 (s) 

0 1-575 

35564 (ms) 

OH 2/ 103-1 279 



36971 (aa) 

0 1 671 

35621 (Av) 

0 f 2x158 1 230 

0 1 781 

37081 (in) 

35659 (m) 

0 ! 579 



37163 (m) 

0 1 863 

35702 (Av) 

0 j 158-f2' 230 




37246 (m) 

0 1 946 

35752 (m) 

0 ! 2x103-1-2x230 

37309 (s) 

0 1- 1009 

35857 (s, b) 

0 -1 2x158 f 2x230 (tt-^tt-* ) 

37532 (s) 

0 [-372 + 863 

35986 (ms, b) 

36062 (ms, b) 

0 1 2x279 + 349 ('7r->7r*?) 

0 + 2x349 1 279 (ir -4 Tt*>) 

37721 (s) 

0-1 1421 

37884 (s) 

0 1 375 H 1009 



38171 (h) 

0 1 863 1 1009 



38247 (m) 

0-J 946 i 1009 



38324 (m) 

0 -1 2 X 1009 


vibrational frequencies J58, 226, 279, 372, 576, 671, 781, 863, 946, 1009 and 
1421 and also ground state frequencies 177, 236, 314 and 430 cni~* as shovinL 
in Table I. In order to find out the ground state vibrational frequencies, the 
infrared absorption spectrum of a very thin film of 3-bromopyridine with NaCl 
optics was studied. The wave numbers of the observed infrared bands are 695(s), 
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7S5(s), S7()(vvv), 1002 (k), lnS2(fi), 109()(h)*, JlH8(v\v). i;n9(vAv), I416(s), 14fi2(iiis), 
I558(li) and 1/172(1118), The Btrcugtli of the <a])sor]iiioii at. the liaiids are given m 
pare] 1 theses. 

TJie infrared ahaoijition hands at 095 cm 785 cm h 870 cm"^ 1002 erir^ 
and 1082 cm ’ may tie the ground state frequencies corresponding to the excited 
state I'reipieiicics 071 cm 781 cm~i, HGIlcmr^ 940 cm and 1009 eni“^ rcs- 
jicctively. The ahsoqition hand a^iparcntly arising from the excited .state frequcnc y 
1421 ciii~^ may have actually been profliiced by two excited state vibrations, 
the coi'res])oiiding ground state Frequencies being 1410 (!m“' and 1462 cm ^ 
observed in the infrared and this may explain vvliy this liand is broadci- than the 
other bauds. 

The ground state values of the excited .state freqiioiieio.s 158 cm 220 cm h 
279(111“^ and 372 cm ^ may prolmbly he 177 cm \ 230 cm"^ 314 ein-^ and 
430 cm"' respectively <»b, served on the longer Avavolongth side of the (f 0 band 
as ?)—>() tiauHitions. \ 

(j'i) «— >71* transUion {Traud^itiou 1) 

The u—^TT* transition of 3-l)roiiiopyri(line lies in tin* region 35000 enr ' to 
30000 cm b Assuming the band at 35080 em ' a.s the 0,0 baud of this system, 
the other bands can be assigned as ])rogrcssion of riequcncies 103, 158, 230, 279, 
349 and 579 cm and their coinbinatioas as shown in Table 1. The bands at 
35857 cm”', 35980 cm”' and 3()062 cm”' are not narrow line-Jike bands unlike 
the other bauds of tliis system. The higli intensity and large breadth of these 
bands may be due to Hujicr position ol bauds flue to n—^n* on the baftds of the 
77 ->77* transition. Thus the baud at 35857 enr' may be assigned as an n->77* 
transition (0-| 2x 158 | 2 <230) superimposed on the (0 434) band of the 77— >77* 

transition. Kiinilarly, the othci two bands arc formed by .snpci])ositu)ii of the 
bands (0 | 2x279 | 349) and (04--'^/^49 | 279) of >77* system on the hands 
(0 -314) and (0-230) of t he 77— > 77* system respectively 

No attemj)! lias been made to assign the two broad diffuse bands at 
34778 ciir ^ and 3^925 cm since they have .structiiies entirely different from 
those of bands due to both ?t— >77* and 77— >77* transitions 

(6) Spactia of the mUitions 

In the spectrum of .01% solution of 3-bromopyridme in ethyl alcohol (Fig. 2) 
only three broad bands are observed in the legion 30000 eni”'-t.o 38000 (un”^ the 
0,0 band being assumed to be at 36197 enr’. The otlier tw(> bands form pro- 
gression of excited state fretpiency 966 cm”' and its harmonics. The nature and 
position of these bands suggest that they belong to the 77— >77* system. With 
increased concentration, the long wavolengih side lA^as photographed, but no 


* Ox’ mduiatos a hump in Lho ab.<ioi'ptiuu cuivo- 
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baud system eorrespondiiiK •') the n->,r* transitum ohserveil in the vuixinr could 
be detected. 



p 111 cm ' — ► 

Fig 2 . Mici ophotoinoinc rocoidH of the uUravjoltM' itbsoijition WjxM Lru ol' 
Huhitions of '(-In nmupyriiliiu' 


In the specifuni due to the solution m ,S-methyl ])ciilriuc a hroiid baud exloiid- 
iiig from 35J127 to 35800 eiii 'i witli the jieak at 3r>f350 (‘m ^ was observed 
which probably corresponds to the > tt* transition The slriititiire was, however, 
not resolved. The result is in agreement with that leported })y Roy (1958) >vho 
observed the n—^n* transition in solution of jiyridine iii 3-melhyl pentane and it 
was found to be absent in the .solution in LSobulvl alcohol 3’his absence of 
a— >7r* transition in solution in alcohol was explained by Stcxihenson (1954) and 
Tvoy (1958) bj^ assuming that in the solution in alcohol, the non-bonding ftp- 
electrons of the nitrogen atom become involved in formation of a hydrogen bontl 
while ill the solution in 3-methyl pentane no such bond-formation takes place. 

(c) Spectra in the. sohd and ligvid states 

Both in the liquid and solid states (Fig. 3a and 3b) only one system of borad 
bands corresponding to the 77^ TT* transition is produced by this substance and 
the system due to n— > 7 r* transition did not appear even when a thick film was 
used as the absorber 
7 
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35000 30000 37000 38000 

p in cni-J — > 

I'lg. 3. Miorophoioiiioti’ic rocorde ol th« ultiaviolet ftb&oiptioii 
Hpectm of 3-bioiiiopyiidme 

(n) Liquid at 32'^(\ (b) Solid iit —1 BO'C. 

TABLE II 

Llllraviolei absorption bands of 3-bromopyridinc 

Liquid at 32'’C Solid at -180”C Solution at 32'’C 

Wave No. Assign- Wavo No. Assign- Wave No. Assign- Wave No. Assign- 

(cm-i) and ment (cni-i) and mont (om‘i) and mont (cm' and ment 

mtonsity intensity intensity intensity 


.08% sol. .08% sol. 

in alcohol in 3-me- 

thyl pentane 

Absent Absent Absent Broad band 

extended 

from 

36327 cm-i 
to 

36806 ciii'i 


.01% sol in alcohol 

35973 (s) 0, 0 35986 (s) 0, 0 36197 (s) 0, 0 

36268 (w) 0-1 282 

36329 (m) 0-| 366 36570 (mw) 0-|-584 

36713 (m) OH- 727 

36943 (s) 0-1-970 36951 (s) 0+965 37163 (8) 0 + 966 

37247 (m) 0+1261 

37913 (s) 0-f 2x970 37920 (ms) 0+2x965 38134 (s) 0 + 2x966 
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111 the speotrurn clue to the liquid the 0, 0 band has been identified with that 
at d59/3 eni ^ and the other hands iiubeate a pi'ogressioji of vibrational 1Vo(|iieu- 
eies 356 and 970 ciir ^ in the excited state. The 0, 0 band of this system thus 
shifts by about 327 cm ^ l.iwards red willi the change fiom the vapour to the 
hcpiid state. 

When the liquid is solidified and cooled to 1S()"(\ the bands become shaqier 
and assimiiiig the 0,0 baud to bo at 35986 cm h the spectrum can be analysed into 
a progression of the excited state frequencioK 2S2, 584. 726, 965 and 1261 cm ' 
With the solidification of the liquid and lowering of tomperatuie to 1S0'(\ 
the 0, 0 band does not show* any further apynecuible shift It. is t hus evident 
that the majoi- shift in the poBition o1 the 0,0 band occ urs nheii the change of 
vapour to liquid state takes place. 

Shnilar disappearance of bands due to a transition in the liquid and solid 
states was observed in the case of jiyridine and the isoineiic ])icolines (Ihinerjee, 
1956 and 1VJ57). This was explained by assuming that in the condensed ])hases, 
the- inolce-ulos of these eonqiounds form associated gvoujis through the nitrogi*n 
iion-bondmg election and liydiogen atom of the neighboming molecules 'riie 
results observed in the. ease of 3-bromopyridme also hihuu to corroboiat(‘ the 
view mentioned above and indicate a shnilar association of molecules in the liquid 
and solid states 

It can be seen fiom Table fl that a single excited state frcqueuc> 970 cm * 
ocoiii'K in the case of the liquid and 965 cm ^ in the case of the solid state iii ])lac(‘ 
of two such frequencies 946 cm ^ and 1016 cm ' observed m the S])(ndruni due to 
the vapour This is evidently due to broadening of the bands in the toniiei cases 
eansed by the interim il ecu lar field and to eoiisecjuent overla])ping ^^l 1 ich gives 
a mean fieqiioncy. 


2-hromopyri dmc 

(a) Specif utn m the vaj)nur phase 

The spectrum due to the 2-hromopyndiiie in the vapoui state yields onl\ 
one system of discrete hands in the region 37000 cm ' to 39000 cm“^, as ean 
lie seen from Figs. 4a and 4b With the inercase m the hmgth of the absorbing 
path and in the pressure of the ahsoifuiig va^ioui', unlike iu tlie case of .1-brorno 
isomer, no sharp, narrow and line-like bands due to ??-— ►tt* transition weri' 
observed in this case. The weak eontinuous absorption extending up to about 
900 cm''^ on the long waveleiigt-h side ol the 0, 0 baud due to the tt—^tt* transi- 
tion at higher temperature and pressure* observed iu this case may be due to 
e— >0 transition (soupled to the elect ronic transition m n ^n* system. Thus the 
n-^n* system is absent in this ease. Tlicse results thus agiec uith those 
reported by Stephenson (1954). 
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(?) n-¥7T* Umisitiou (Traumlion II) 

The strong band at 36958 has been taken to be the 0,0 band and the 
analysis of the other bands has yielded the ext ited state vibrational freqnen- 
(*ies 136, 280, 653, 742, 954, 1053 and 1554 cm ' as shown in Table III. 



:Kir>()() :t750() nsnoo so.^oo 

p in cni”i — > 

Vig. 4 Mi(iio]iho(,oimiii'ic records ol ultraA iolei ahBov))li()ii sperlra of 
2-broiiiO]iyjidinc in the vapoui , state. 

'riic infi'ared absorption spetdra of a very thin film of 2-broinopyridme was 
studied with rocksalt optics in order to find out the ground state vibrational 
frequencies. The Avave numbers of the observed infrared bands are 698 (ms), 
756 (s), 988(ms), 1040(w), ]075(s), llU3(s). 1148(vw), 1282(vw), 1418(h), 1451(ms) 
and 1563(s), the strengths of absorption being given in the parentheses. 

The upjier state vibrational frequencies 653, 742 and 954 um“i can be co- 
related to the ground state frequencies 698, 756 and 988 cm-’ observed in the 
infrared absoriition. The vibrational frequencies 1053 cin' ^ and 1554 enr^ in 
the excited state xirobably correspond to the infrared frequencies 1075 cm-^ and 
1563 cin-^ respectively. 

As regards the band at a distance of 280 cm“^ on the shorter wavelength side 
of the 0,0 band, a band at 292cni-i on the longer wavelength side has been 
recorded. This band which probably rejiresents the ground stat-c frequency 
has not been observed in the infrared absorption because of limitation of NaCI 
optics used. The band at 136 cm“^ on the shorter wavelength side of the 0, 0 
band might represent a 0— >u' transition. The assignment is not improbable 
for such low frequency transition is observed in the case of 3-bromo isomer and 
other substituted iiyridine compounds (Rush and Sponcr, 1952). 
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PATiLE TIJ 


Ultraviolet absorptum bands of 2 

broiiiopyudiiic 

in the vapour state 

Wave No, 

(rm-i) and AHHignmnni 

inteiifiifcy 

No. 

(cm-*) and 
inlcjusily 

AHMunmnnl. 

TiunHilioii 1 

Tiausitioii 11 


.mm\ hA ) 

0- J92 


(H) 

0. 0 


.■17094 (w) 

U 1 130 

j^bsont 

:i7l‘38 (m) 

0 1 380 


37011 (lu) 

0 i 0.73 


.*17700 (w) 

0-1 742 


:17912 (.s) 

0 i 9,74 


38011 (vw) 

0 1 10.73 


3K178 (m) 

0 ! 1220 ■) 

0 1 280 1 9.74 J 


38.71 J (niH) 

0 1 1.774 


38870 (h) 

0 1 2 ' 954 


A CDiiiparisoii dI' the a])S()T])1u)n spectra ol 2-)>r()nK)})vii(linc and })yndinc. 
ill the va])our state shows that the (H) hand of 2-l)roinopyrjdiii(‘ is shiftcrl hy 
about ]392(!in ^ towards red wdh ies])ect to that oC the latler ((mipoinid A 
similar substituthni by ('IH., ^roup in a-])icoliiie sldlls the 0, 0 l)ajid only by 
7110 cjn h 

(^>) Spectra of Molvtion.'i 

When 2-bromoi)yridine is dissolved in alcohol, at- a coiic-cnl-ration of .01% 
by weifjhl and a path length of 5 nun, the band system due to n—^n* transition 
appears with the 0, 0 band at I10753 cni“^ and t-he other bands are rejiroscnted by 
progression of frequencies 971 cni"' and 955 cm' ^ in the excited state (Fig. 5c). 
It can be seen that in the case oi .01% solution in alcohol the 0,0 baud is shil'ted by 
about 200 cni" ^ towards long A’^'avclengths Irom the 0,0 band due to the vapour. 

On gradually increasing the eoiiecntration of the solution from d)l% to .0S% 
by w’cight, a continuous absorption due to v—>0 transition ot tt— > tt* system is 
observed in the region 35500 cm“^ to 36700 cm~^ as is evident from the absorption 
ciurve reproduced in Fig. 5. A similar absoriition is also observed in case of 
.08% solution in 3-methyl pentane, but no band system due to transition 

as observed in the case of 3-bromopyi’idiiic could be detected in this case. 
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This is ttJi agreinnent \\ith the conclusions (jf Sle])hen.son (1954) who earlier 
stuflicd the ahsorption speclra of sohitioji of 2-bromopyricline in alcohol and in 
iso-octane and from the similarity' of the two ahsorption curves concluded that 
l.he n— > 7 r* transition is ahscnl in the Hpeotium due to the 2-l)romopyrjdine mole- 
cule. 



;ui 00 () nvooo :t8000 39000 


V in ciu'i— ► 

t'jR 5. Mjrrophol.(iine(.i’if records of ilio ultravjolct ab’Oijilion n|)cctrn of 
Holutioim oF 2-broiiiO]jyj’idinc. 


(r) Spectrum in the lu/uid and solid sluies 

In the specti“uin of 2-hromopyridine in the liquid state only one system of 
dise.j'ete bands consisting of three broad bands due to IVansition IT is observed 
(Fig. b), the band at 36571 cm ^ being taken as the 0,0 band of this system. Thus 
the 0, 0 band shifts liy about 387 cm~^ towards longer wavelengths with liqiii*- 
faction of the vapour. The other bands can be assigned to a progression of the 
excited state frequency 918 cm“h When the liquid is frozen and cooled to aboul 
— 180"0, these bands become a little sharper, but the bauds are not resolved into 
sharper components. The shift of the bands with liquefaction of the vapour 
IS much larger than that observed in spectrum due to the solution in alcohol. 
The 0,0 band in this case is at 36479 cm~^ and the other two bands are assigned to 
a progression of the upper state vibrational fretpiency 971 cm~^. Thus lAith 
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soli(lifi(;atioii and rooling Iho .substance tn about ISO' f, llie 0.0 baud nndcT- 
goes a Binall shift of 92 cnr ^ lowavds red. 



3(Ukk) :i7ooo :iH()0() sonoo 

V 111 c-in t ► 

Fig. (i. Mici’tiphnlomftU'H- roroitK o1 tlio uUinviolH, iiliHoi jdion spci-lrii ol 
2-br(vuonyi‘idme. 

(a) Liquid a(, 

(b) Solid 111. -J80'’(\ 


TABLE IV 

Ultraviolet, absorprtioii bands of 2-bvomopyi’irliue 


Liquid at, 32''(t Solid at 


Solution at 


Wave No. Assign- 
(ciii-i) and nicnt 
intensity 


Wage No. Assign- 
(cm-i) and ment 
jiitosnity 


Wave No. Assign- 
(cni“^) and iiiont 
intensity 


Wave No. Assign- 
((*m-i) and ment 
intensity 


I 


Absent 


Absent 


.08% sol. 
in alcohol 


Absent 


.08% sol, 
in 3-mo- 
thyl pentane 

Absent 


01% sol. 
m alcohol 


^ 36571 (8) 0, 0 36479 (s) 0, 0 36753 (s) 0, 0 

2 37408 (in) 0-l'655 

I 37489 (vs) OH-918 37450 (s) 0+971 37724 (b) 0+971 

^ 38379 (s) OH 971 + 655 

38400 (ms) 0 + 2 X 918 38420 (ms) 0+2x971 38697 (a) 0f2x971 
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When thicker film of thickness of the order of JO microns i.s used, tlio tt— ►tt* 
system produces c.outinuouH total absorjition but no otlier })an(l system in tlie low 
energy region con espoiiding to n—^n* transition is produced by the substance 
eitlier in the liquid slate or in the solid state at — ISO^'C. 

Tt IS (!OJiclu(lod that in tlie case of i-broinopyridine the ► tt* transition is 
absent whethei the* substance is in the vapour phase, in solutions or in the slates 
of aggregation. As jiostulated by Stephenson (10r>4) this may be due to the in- 
ductive attraction of the halogen atom attached to the caiboii atom adjacent 
to the nitrogen atom Avhich increases the binding energ_\’ of the non-bonding eh‘c- 
tron over that existing m fiyridme, thereby shifting the fi-~>7T* liansition inlcj the 
spectral region of transition and the situation is not altered when the mole- 

cules are m solid ions and also in the state of aggregation 

A ( ' K N () W L E 1) (1 M K N 'J' 

The author is indebted to Professor S. (' Sirkar. D.Sc , PN.I , tor his kind 
interest and guidaiiee in lh(‘ work. 
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ON THERMAL CONDUCTIVITY OF ALUMINIUM 
AT LOW TEMPERATURES 

H N PATJL 

(U/JAHAT CtlLLECili;, AKTirEl^Al] VI") 

(Heceived. June 25 , 

There are twu ineehaiiisnis eoiKliictiuij; the lieat jd a metal As lu noji- 
( ojidnelers there js transfei of lieat hv tlie latiiee Maves and ui atldilioii a transfer 
hy the electrons 'Phe total heal eondiietivil v is thus made ii]) ot two eomjioneJits 
Kg th(‘ lattice eonduelion, and the eleeiionit condinlion The eleotronie 
heat resistance !!'(= 1/A'g) <!an he written as 11' - Tl'y I d',. \vh(‘i(‘ \\\ js the resis- 
tance due to impurity soattci’in^ and IP, is the resistance due to the scalliu-in^^ 
of the coiuluction electrons by the lattice wayes and imperleetions. IP,, isot the 
form /I IT, and IP,, at temiieratnres below ahont OjH), is of the lorin a7'“ 

Thus nep;lccting the lattice, conduct loji Kg in the case of pure metals, w e have 

lor total Ihernial resistance IT ^ aT- J /ijT A plot of WT against 7’^ over a 

ceidain range of tempeiatme should he a straight line with a slope a. 

Jn case of exjierimental cnive Jor Al drawii bv Andrews and Ins coworkers 

(1951), it IS seen lhatsueh plot has tw^o linear sections instead of one liaving slopes 
a — 2 470x10“'’ cm Watt. ' ' K ' lor the range of temperature :i 5 K to 12.5'’K. 
and a — 0 00 x 10 cm WatT' K"' for the range 2 to 4 'K 

This observed variation in slope is explained on liuw 0 the Ikdiye characteristic 
temperature changes with T Rosenberg (1957) and others have observed sneh 
variations in slope in case of Cd, Zii and Ffg, etc. 

Senii-analytie nielhodhas been used in the ease ol Al to study the ternpeniinro 
(lepeiideiiee of 0 at low tempeiatures (Seitz and Tuinbull, 1950). The values of 
0 in the region wdiere first fh'jiarts from 0^. and the value ot 0 at O'^K. arc given 

:i95 
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by 0^ ~ 1) The parameters s and i are determined from the 

values of elastic constants at 0“K and values of /' for focc and /cc lattices aie 
(leteriiiined from tables (fcSeitz and Turnbull, 1956). Using the elastic constants at 
0°K for Al, Cii — 1.226, Cjg = 0.708. C 44 0.306, the characteristic temperature, 

in case of central forces plus electron gas model is given by 0 == 426.6 — 0.0644 T*. 

Fiom this expression, it is seen that the temperature region in vhich 0 starts 
changing with tcmpeiature approximately corresiionds to the region in which the 
A'^alue of slope, a changes But from the ratio of values of a it seems necessary, 
in addition to the study of variation in 0 to consider lattice conductivity because^ 
of imxniritics in the spociiiien and scattering by boundaries, the dominant souicc 
of thermal resistance at very low temperature. The lattice component would 
cause the curve WT against T‘^ to dip belou (Handbuch der Physik XIV p. 247) 

Author’s thanks are due to Principal Y. Q. Naik for useful discussionsf. 

H E F P: R E N C E S 

Andrews, P’. A. Webber, R. T. and Spohr, P. A. ]9ol, Physiml Heinfw, 84, 094.' 

Dokker. A- <1. 1957, Solid State Phifmcn, p. 295. 

Rokicnberg, H , M. 1957, Phtl. Mng^ 2, 541. 

Seit ’4 and Turnbull, 1950, Solid State Phytiice, Vol. 2. p. 2W5. 
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ESTIMATION OF (Ar.) OF AN ELECTRONIC BAND 
SYSTEM-A NEW METHOD 

N. H. TAWDE AND A. P. WALVEKAlt 

i^KrAllTMENT OF ThYBICS, KaRNATAK UjSlVlSttSlTy, Dhakwar 
{liecpived June. 28f 1960) 

ABSTRACT A uow motihud of i‘Onsiraot.mg IUp Morso })()(nutin]b awsot jalud willi 
ail olool-iomc band Hystom without tho knowledge ol luterniiclL'ur dihtiuu'Ob and estimating 
therefrom tho fUffoionoo {A^p) m tho eqiuldjiiuin dislariceb in the two sIhIch Juis been auggeHt- 
od. Tho knowlodgo of this latter quantity (Ar^) la an o.sseiitinl jiiiriunetor in the thooriea 
of vibrational Uansition pi obabihlica in molecular Kpoctra. 


1 

Morso pofeniial becomes defined tvlieu equilibrjiim ndci'iiucJeai disUhces 
arc known Put iheru are a nuinbct of band systems for which values are not 
known, because of the difficultios of aiudysing the rotational slructnres. As 
siii-li distances, or at least the difference liotAveen them for a transition, arc essen- 
tial for the problems of vibrational transition probalulities m electronic- band 
spectra of iliatouiio molecules, il was thought worthwhile to explore Ifie possihility 
of ail indirect nicthed, iudcpcudeiit of rotational structure analysis to get a cine 
to the nearest, if not the precise ostiinate of the difference in iiitcrnuclcar 
equilihriiim distances. The, method and procedures are outlined in the follewing 
sections. 


The usual Morse expression for potential energy 
can be converted to a slightly modified foini 


a 




(l-M 

^ be ) 


{r-U) 


For re = 0, tho Eq. (2) above becomes 


}_ 

a 


1 + VsJ 


— r 


(1) 

(■-’) 

(») 
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11 a, u and are aHSuinecl known, then the left hand aide of Eque. (2) or (3) 
above ean be evaluated. These quantities are expressed as 

a = O2'in4'v//tt0ea*j 

i)~ ovre(v+J)2 

4 : 10^0 

Of these the quantity is calculated for different values of v, i.e. 0, 1, 2, 3... 
and substituted in Eq. (2). We then get from it a set of values of (»*g -r) corres- 
pojidmg to E.^, etc. which we c-ould de.siguate as /j,. 'a, ■- etc. 

These arc talceii as one set of values about the equilibrium distance and are used 
for plotting tlie relevant jiart of the potential energy curve. It is then iiccessaiy 
to obtain points for otlnu' extremities of the vilnational levels lor iilotting the 
eomplementary part of tlic curve. This means anotlier set of r values corres- 
])ondiug to i?,,, E^, E.^ and so on. For this juirposc, since we arc concerned witfi 
a harnioniu oscillator the expression of Pillow (1951) can be made use oi'. 
According to Pillow, the eontros of vibrational energy levels of an anhLarnionie 
oscillator lie at a distance of (v+l) from centres ol the vibrational cncigy 
levels of the harmomc oscillator. Using this expression, tJic othei set of r values 
will become 

l)* 

etc 

'riie method of arriving at the above type of expressions is indicated belou \ 

The vertical axis is at a distance ol (for v — 0 level) from the point ol inter- 
section of the potential energy curve and the vibrational energy level. As the 
centre of the vibrational energy level of the anharmonn* oscillator lies at a distance 

(Vo-l-l) ^ from the vertical axis, the centre of the vibrational energy level of the 

anharnionie oscillator is at the distance ry-l-(?jg-f Irom the same point of 

a - 

inter, section. So tiic distance from the vertical axis up to the point of intersec- 
tion to the right will bo 


or, 
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Now st^vting with ” 0, which may bp taken as the oritfin and malcing use 
of tlicHe two sets ol r-values and iho vibi'ational eneigy the potential enei'{j;y 
curves botli for the upper and lower states of transition ran he drawn Some of 
these r-values foi the A'^n state of the molecule have been dei'jved and shovu 
iu Table I. 


TABLE 1 


Derived r-valiies for C^, A^n state. 


V 

(w-1 l).r/cf A.u 


(-i)A 

( hr) 

1 . 0 , r -I 2 (m- 1-1) (;r/o)A 

0 

0.0037S4 

889 9 

0 05200 


0 . 05903 

1 

0 00757 

2045.3 

0 08590 


0 10109 

2 

0 01135 

4307 8 

0.1074 


0.1.301 

:! 

0.01614 

0057 3 

0.1241 


0.15438 

4 

0 01802 

7713 9 

0 1374 


0.17464 

]() 

0.04102 

1090.3 5 

0.1902 


0.27344 


The assumption made above about flic ori^jin, j.e. r - b means that tlie two 
curves for the pair of the .states involved are drawn aliout a common vertical 
axis. This is not enough as the curves need to be disposed with respect, to the })osi- 
tion of the minimum as well as with respect (o their energy dilieipiice, i.e. the 
horizontal shift as well as the vertical .shift The steps tor olitaming these relative 
dispositions are iiiflic.ated below. 

It. i.s an established fact that if o)/ co/ then ?/ < r," and vite versa So 
Jiom the o)e values, we know the direction iu which the curve tor tlu' upiier 
slate is to be shifted with re.spect to the lower curve on the liorizontal axis. 

Tfthe intensities of thebaiids are known fairly at (mrately or could be estimated, 
then it IS possible to fix the (London parabola or the mo.st prolmble transitions 
By trial the curve is .shifted in the proper direction along horizontal axis until 
the most probable tiausitions known as above, are reached When this is 
achieved carefully, one could get the nearc.st approximation to the rjuantity 

To test the perforniaiuje of the method outlined above, some well-e.st.abhsluid 
band systems were selected for study. Expeiiinental intensity data as well as 
values in both the stales are accurately known for these systems. One could 
construct the potential energy curves and derive the (Arg) value m the manner 
shown above. On the other hand, there is the knowledge of the exact value of 
this quantity from the rotational structure analysis constants. Both these 
values for the band systems chosen are recorded m Table TI. How far the 
estimated values depart from exact expornncntal data is shown by calculating 
the percentage departure. 




400 


N, /?. Tawde and A. P. Walvekar 


TABLE IT 


CoTnparativr study 


Molecule 


Are 

A 

Percontage 
dcyjai'ture Irom 
expl. value 


Present 

Expl. value 
(HevKberg, 1950) 

C^(Swan) 

A ■Jtt— X s^r 

0.04 

0.04(1 

-13.0 

AlO 

A-*S-X22 

0.04/5 

0 040 

- S.2 

BO-a 

> 

1 

O.IGO 

0.1476 

-1 S.8 

BO-^ 

B 2V_X3i: 

0.005 

0 1001 

-10.4 

CN-violpt 

B 2vi_x2r' 

0.0225 

0.0212 

! 6 1 

Na(HF) 

C'-n- — B^-tt 

0.065 

0 0641 

- 14 2 

MrO 

B 

0 011 

0.012 

- H 3 


For oertaiu baud systems, estimates have been made by earlier workeis on 
tbe basis of empirieal rolaijoiis or other methods We ran piek up ouc of these 
systems to see hoM' far the forecast of (Ar^) from the present method stanrls in 
relation to other estimates The system to which would refer is the — 

transition of HO. Katti (1957) tiy applyintr 4 different methods or rules has esli- 
inatcd the Ar^— difference for this system. These estimates are recorded in 
Table TU in which also, is uieluded the value predicted from th(‘ pieseut method 

TABLE in 


Relation or method used 

A’e'OHtimates A 

Morse (1929) 

0 1204 Katti (1967) 

Birgo (1932) and Mocko (1925) 

0.1035 

Wu and Chao (1947) 

0.0720 

NicholJa (1955) 

0 1503 

Present method 

0.095 


It is evident from the results of Table III that the value derived from the 
method sug#?ostcd here compares favourably with the data derived from other 
methods and particularly Birge and'Mecke’s relation. Although Katti is inclined 
to favour the value from Morse’s relation, the approach made by the present 
method is the next best like Birge and Mecke’s among the few methods or rela- 
tions that are available. The true situation with regard to any of those methods 
will not be gauged unless we have in our possession the measured values from 
rotational structure analysis. 
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The advantage of the inclhod is that it is eiilirely mdopeJul(‘i)t of any of tlio 
two r^^-values of the electronic states involved and requires the parameters, 
viz., and which are generally provided by vibiatioual analysis and the 

knowledge of the most probable transitions from vibrational iutimsity data. 
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RAMAN SPECTRA OF FLUOROBENZENE AT 
DIFFERENT LOW TEMPERATURES 

DEB KUMAH MUKHEEJEE 

Optics Department, Indian Association ron the Cultivation 
or Science, Calcutta 32 
{Recemed, May 30, 1960) 

Plate VII 

I 

ABSTRACT. The Rarnan fipeclra of fluorobenzone in the soJicl state at ~-'60"C^1 and 
at ■— 180"C have been investigated and compared with the sjioctrinn due to llie hqui(h\^ At 
-~60°C the crystals produce a new low-froquoney lino at !).'j cm'i and the hno shifts to 
100 cni-i when the temperature js lowered to -180"C. 'I’his newlnie has boon altributcd lo 
tho formation of diinora at low temperature. Fiirliher, tho Raman shdts of houip jirominord 
lines have boon observed t<o chango with solidification ol the compound and loweiing of ienipc- 
raturo and these changos also have been attributed to the formation ol dimers. 

Tlio polarisation of tho Raman linos of tho compound has hoon remvcstigUrtod and it 
has boon observed that tho lino 517 cm-i is not totally dopolarised and although llio value 
of factor of (lopolarisation is quito largo it is actually loss than 6/7. 

INTRODUCTION 

Tlu^ Kainan spectra of many mono- and disiibstitiited beiizoues m the solid 
stAto at different Iom^ temperatures wore studied by many previous woikers. Tin' 
Kaiiian spectra of chlorobenzene and broinobenzenc studied earlier by Ray (UlHO) 
and Bisw^as (1955) respectively showed that in tho siieetruin of frozen ehloio- 
benzene at — 60^0 there are five new lines in the low frecpieucy region the inten- 
sities and frequency-shifts of which increase when the temperature is lowered 
to -1S0"G In the ease of crystalline broinobenzenc at - OO^C only two new' 
lines appear in the low' frequency region w'hile the nninber increases to three 
with lowering of temperature to —ISO^C. These results were interpreted on the 
hypothesis that, the lines are due to small groups of molecules formed tlirougb 
virtual linkages in the solid state and the changes with temperature were attri- 
buted to the strengthening of these bonds and formation of fresh bonds at lower 
temperatures. The fluorobenzciie molecule contains a highly active fluorine atom 
and tho behaviour of this molecule in the solid stale was not known. The Raman 
spectra of this compound at — 6(.)“C and at — ]80“C have, therefore, been invesli- 
gated to find out the number of now low-frequency lines which may be produced 
by this compound in the solid state and the dependence of intensity and positions 
of the lines on temperature. 
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Ak regavdu the assigiimeut of the Kaiiiaii lines to cUffeieiit moiles of vihralion 
of the molecule aa given in the Tables hy Laudolt-Bdrnslem ( Mini ) the line S 1 S cm-' 
has been assigned to a totally symnictiie mode but the line has been descvibeil 
as a totally depolarised one. This is anoinalouH and therefore the polarisalioii ol 
the Raman lines of this compound lias been re-iiivestig.iled to tind out whether 
the disorepaucy is genuine or not. 

EXP JiJ ll 1 M E N T A L 

(chemically pure sample ol liuorohenzeiie olitaiiied IVom Kuslmaii Organic 
Cihcmicals (co of New York was used iii the present investigation and it was 
ve])catedly distilled under redii(;ed pressure before each exjiosiire. Tlic lljiinan 
spectra du(‘ to the substance, in the liipiid state and in the solid state at - ()()"(^ 
and at — ISO'^'O were photographed with the arrangements used liy prcAious 
workers in this laboratory (Biswas, 1954). The intormeiliate temperature oT 
• b()"0 was obtained by using as a rclrigciaiil a inixtnre ol aleobol and Jnpnd 
oxygon in proper proportion in a Dewar vessel of T’vrex glass All the liaman 
spectra were pliotographcd on Tliord Zenith jilates using a Fuess glass spcelro- 
grajili giving a dispersion of about 11 A per mm in ibo lOOoA region. Iron are 
speetruin \^'as also rceorded on each speetrograui as eomparisfin 

In order to study the polarisation of the Ivaman lines light from t.\M) liori- 
/ontal luereiiry iit’es was focussed with cylindrical coiulensers on tJie horizontal 
pyriix glass tulie containing the iKpiiri and the two components of the st!at,ie?-cd 
light \\xwe focussed on the slit, of the spcctrogra])]i one above the otlier Mitli the 
helji of a double image jnism With this arrangiMUCiit the eonvi'rgenee of the 
nn'ident. light made the horizontal comiioneiit of (he totally depolarised line more 
intense than the vortical coinponciil iSo, it Avas easy to find out. Uii* totally 
de])()bn'ised lines in the spectrum. 

R E S U L '1' S AND D I S (5 LT K S 1 O N 

S])ect]*ogranis showing the Rauiaii hues due to fiuoruheuzeue in llie Inpiid 
slate ami in the solid state at different temperatures are ie])j'odnced in b'lgs. 1(a)' 
1(c) and the polarised Raman spectrum of the lujuid is shown in Fig 1(d), BlaleV^ 11 
The low freijiiency line dii«A to the solid at- - (i0“(^ and — ]SI)"C is shown in the 
1 ‘iilarged spectrograms in Figs. 2(a) and 2(b) respectively in the same plate. 

Tbe Raman frciiuencios due to the substaiiec in the liquid and solid states 
are given in Table T. The Raman shifts due to the liquid reported by previous 
workers (Magat, 1936) are also given in the same talile for eomparison, 

(ff^) New Banian lines in the low frequency region 

It can be seen from Figiu’es 2(a) and 2(b) and from Table 1 that only one 
broad new line at 95 em“^ appears in the Raman iSjiGctruin due to the fiozen fluoio- 
benzeue at and the line becomes shaiTier and is shifted to UXI em-^ when 
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TABLE I 

EJuoro benzene, CgHgF 
Av in cin“^ 


Liquid 


Solid 


Magnt, 1030 Presont author 

at 30'’C 

at -60 “C 

at -180°C 



96 (7b) o, k 

100 (7) (3, k 

243 (8) 0/7 

242 (8b) ±o, k , I) 

255 (5) o, k 

200 (2) o, k 

424 (1) 




000 (0) 




018 (3) 0/7 

517 (3) o, k ; P 

510 (0) o, k 

510 (lb) Li, k 

010 (2) 0/7 

015 (2) c, k ; D 

015 (0) 0, k 

015 (lb) o, k 

705 (1) 




755 (1) 

755 (1) 0, k 



SOO (9) 0,5 

806 (6) o, k ; P 

800 (5) o, k 

800 (0) o, k 

830 (1) 

883 (0) 0/7 

007 (2) 

098 (1) o, k 

000 (4) o, k 

090 (5) o, k 

1010 (10) 0,1 

1000 (10) o, k ; 1* 

1010 (4) o, k 

1010 (4) o. k 

1025 (1) 




JO08 (1) 

1068 (ob) c. k 


4f 

1157 (3) 0/7 

1158 (4) o, k , D 

1158 (0) o, k 

1158 (1) Li, k 

1220 (4) 0,5 

1222 (3) 0, k ; P 

1214 (1) o, k 

1214 (3) 0, k 

1280 (0) 




U13 (0) 




1408 (1) 

1499 (2) o 

1199 (0) o 

1499 (1)0 

1001 (4) 6/7 

1602 (3b) o, k ; D 

1003 (Ob) o 

1603 (lb) o 

1025 (0) 

1025 (0) «, k 



2015 (1) 




2017 (1) 




2980 (1) 

2990 (0) k V 

- 


3027 (1) 

3074 (10) 0,1 

3000 (-) 

3180 (-) 

3677 (-) 

3075 (12b) o,k ,P 

3082 (5b) 

3088 (7b) k 
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tlie loiiipcraturc is further lowered to 180"n The ehanges iu the Ranuiu .shifts 
of the low fretjueuey lines clue to rhiorobeiizeiie and bromoljojizeue wore lopoiled 
previously by Hay (UlfiO) mid Biswas (l«)r>5) respectively Hay (U)5(i) obsoiAod 
five new lines in the*, c,aso of chlorobciizeue in the solid state both at mid 

-180^G, while bromobeiizeoe sho^\ed (Biswas, 19^5) two such liiu‘s at - bO'C! 
and three iiew^ lines at ISO'O. The crystal stiiictures of the compounds were' 
not known at that time but recently Biswas (195S) has rc-ported that both the 
(uystals of c.hlorobiuizene and bromobcmzeiic at IHtrC belong to the same s]);m c‘ 
group and also contain the same number of molociiles per unit cell If the 
now lines were due to lattice oscillations depending cm the symmetry of the lattice 
the nuniber of sueli lines would be the same in both tlu^se cases, but aihually it is 
not so. The space group of lluorobou'/eiie crystals is not Known but the tact that 
other nionosubatitutcd benzenes produce, more than one line m tiu', solid .state 
w'hde only one lunv line is ob.sorved in the case of fliiorobenzeue cannot be explained 
by the forward by Bliagavantam (1941) and ICastler and Houset 

(1941) independently that angular o.scillations of the molecules pivoted m the 
crystal lattice give rise to tbese iieAv Imc'S, Moreovei*, lbc‘, amplitude of angular 
o.scillation would decrease and consecjnciitly the mtensily ol the iicnv line W'ould 
diminish at low^er temperatures, but actually Hie iiitensity ol tfic Imc does not 
diminish with lowering ol lomperature from - Gt)"(^ to - I.SO'^tJ 

Hay (1950) and Bisw'as (1955) coueduded from the changes observes! iu the 
intensities and frcqueuc^y-.shifls of the low liccpiency lines m the case ot crystals 
ol ehlorolienzeno and bromobenzeiie rc'.sjiect ivelv with low'ormg ol Icmyanaturc 
of the crystals that; the.se hues might be du(‘ to oscillations in groups of inolcu ules 
formed by virtual iutermolecular linkages in Ibe solid stale as pioposed by Sirkar 
(1936). Ka.stlia (195S) leeenllv louiid evidence of foimation of .such groujis 
even in the licpiid state just above the free/, mg point Thc^ rejilat emeiit' 
ol a bromine atom by fhe chlorine atom lu the bciizcjic rmg may afiprcu-iahly 
increase the aflinily of the molecule to form iutermolecular linkages with more 
tlislaiil neighbours uicrcasmg thereby the .size of the a.ssoeiated gioujis and the 
number ol the new Hainan linos given by sm h groujis. The situation is ildlorent 
iu the ease of lluoi olienzeiie be<‘au.se lluoriiie being more reactive than chloiiiu' the 
molecules mav foiin dimers even in I he lujuid .stati* just aliovc the Irccznig point 
With a structure of the dime,r in which t he fliionue atom ot each ol tiie two molm 
eulcs is attached to a hydrogen atom ol the other molecule 
{{)) S/iifi of liumo'H, lincf^ of Ihc molecule irilh ,solidific<dion 

Table 1 shows that mo.sl. of the Jlauiau frecpicncics reported by Magat (1936) 
111 tlic case of duoj'o benzene in the liquid static have liecn obscived in the present 
investigafioii. The line 242 cm i due to the lupud is found to shift to 255 cm ^ 
wdieu the litjuid is frozen ami the teniperat me is lowered to -69 (; and lo 269 cm ^ 
at I SOT. The line 517 cm-' .shifts to 519 cur ' w hen tiu' liejuid is iioy.eii ami 
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cooled to — JSO'O. The spectrum due to the liquid shown a leeble Hue with 
Uainaii shift 0!)S cur ^ and an intense line 1009 The lino 998 cm~^ shifts 

to 996 cm ^ and becomes sti'onger with the solidification of the liquid and lower- 
ing of temperature to - 60“C. l^his can be explained on the assumption that the 
line 996cin“’ is due to dimers the number of which increases with solidification 
of the liquid. The line 1 222 cm Mibserved in the liquid is shifted to 12J4 cin-i 
when the liquid is solidified. Further the Raman line 3075 cm-^ shifts to 
3082 cm ^ with the solidifieabiou of the liquid and to 3088 cm ^ when the crystal 
is furthei- csooled to — ISO'^C. 

On comparing the results with those due to hroiiiobeuzcne(Biswas, 1956) 
it is found that the line 242 onr * of fiiiorohenzenc behaves in the same way with 
solidification of the liquid and lowering of temperature as the hue 182 enr ^ of 
hromo benzene. Biswas assigned the latter line to the vibration of t^^pc^ oorresi 
ponding to the mode of the benzene ring given in Figure 1, No. IG by Sponc^r 
and Kirby-Smith (1941) and the shift was attributed to the formation of virtual\^ 
linkages between neighbouring molecules. In the present case also similar exjila- \ 
nation holds good. The shift of the other lines mentioned ahovc^ also lend support 
to the hypotheais that dimers are formed in the solid state of the substance, 

(c) Pohnsation of the line 517 emr^ 

The polarised Raman siicetruin of liquid fiuoj’obonzcne shoM S that the hori- 
zontal component of the totally depolarised line 1602 cni'^ is more intense than the 
vertical component while the vertical component of the 517 cin“^ lino is slightly 
more intense than the horizontal component Hence the latter line is 110 ^^ totally 
dc|j()larj.secl and although the value of factor ol depolarisation is quite largo 
it IS certainly less than 6/7. 

A^C K N O W L‘l£ D C3 M E N T 

The authoi is indebted to Professor vS. C Sirkar. D.8e., F.N.l , for his kind 
interest and valuable guidance throughout the progress of the w ork. 
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A TWO-DIRECTIONAL FOCUSSING HIGH-INTENSITY 
MASS-SPECTROMETER 
« B, KAKMOHAPATRO 

Saha Tnstitutk of NucLiiAH Physics, Caj-cftta 
{Heceived, Jidy 8, 1960) 

ABSTRACT. A iwo-fliroctional (opusing high-inknisity ninsH-HjiuMioniMcv of foc'us- 
aing angle \/2Tr with moan I'lulms 381 mm, variable 20 KV necoU'rat mg vollHgo. is ileBCiiboO. 
Pocusmg |)ro|jor1.ii‘H and porformanco with a magnotir oscillation type ion Hourro lor gases 
aro si ached so that the mstniment may he usoful lor studies of eolUsion of ions m gases and 
solids, for jiniparatioji of isotopic taigols and /J-soureos by direcl deposition method. 


I H T K 0 D IT p T I 0 N 

intensity mass-spcctronietcrs or Iom -intensity eloclroniagnetic isotope 
vsepaiators have recently heeome very important tools for rescairli and many 
snch lustniments with ion currents ranging from 10 ’A io 100 /< A have hocn 
coiistnicted 111 diiferi'nt lalioratorios. Koch (105H) has re-viewed lliese instiTmp'nls. 
coiistruetefl so far and tlieir application m laboratories for nuclear lesoareh In 
the present paper wo shall dcBcribe the coiistrnetioual details ol the develop- 
ment of a high -ini eusity mass-spectrometer eoiisistmg of a two-diriMdmmil 
focussing magneiic analyse! nith a prelnniuary report of its peTformance 


THJi) MAGNETtO ANALY«1CK 
The magnetic analyser, the mam component of the mass-speclroinctt r, is 
desif-nert aftn- itie /i-vm siH-clK..ne(iM . oi.gmally n.Mstincle.l l.y K.cghl.an and 
SvarUinIni with wimc inodilii'atKmn. The ehoiee nf siifh two dircetiona,! 

foennsing magnet ovo. other types fo, high-iideusity mass speetrometiy was 

(lietated hy the following eonsidevalions 

I) The axial foeusing property of the analyser is of great advantage siuee 
it euatiles tire direct deposition of /f-ray sources or targets without, any approeial.le 
loss ot the source materials used in the ion source. 


2) The disiicrsion ot such magnetic analysers is higher tlian that ot the liomo- 
geneous magnetic analysers or U.e inhomogeneous ones as used hy Zdversohoon 
(1{)54) and Artsimovich (1957) 

S) In spite of the disadvantages of tl.e aberration factor which is higher for 
the two directional focussing magnetic analysers 

one, used hy Zdversehoon (1954) the simplified enmeal shape of the pole i.n s 
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by Arinnaii and Svai tbolm (H)5r») for a /9-i-ay .spertronioter oi’ by Soydor 
r/ nf. (IbbO) for a nuclear HjieetrometcM* c(uild more easily be attained thaii sbapiii^ 
(he inlioinof^oneity in the pole faces for tbiid ordoi toeiismng 

4) The aecoinmodaiion of the ion source would have been convenient mth 
a JKO*"-! wo diroetioual foeussing magnetic analyser desniibod by Snyder etal. (1950) 
Hovve.v(‘r with a -v/SiTr focussing angle, the loss of ions is minimum and without 
any special devicjc, space charge elimination can tie accomiihshcrl with the electrons 
produced by the ion beam in colliHioii with the residual gas as has boon discussed 
by Zilvi'i'schoon (1954), since ions do not travel any flistaiuKi out of the magnetic 
field. 

The dimensions and the < onstrin tional delails of the analysei with the focus- 




Fitr 1 -- (a) Vpftu-al seoiion of (.lie luagiietio analyser with rhaniber ; A ami ("i — polo pierea 
with extension, B — yoke; D — coil; E - ehambor. 

(b) Horizontal section of the magnetic analyser with the vaeuiim chamber. 
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smg propert/ieM of the pole hieos were previously ilesenbed by the author (Itl^h). 
The mean radius for the ions is ko])i at :1S1 nun at a gji]) widtli f) (in as sliown 
m Fig. 1(a) and 1(1)) The veitioal and horizontal sections of tin' ninguetic 
analyser are shown in 1(a) and 1(b) rc.speetively. along wdh the vacmini ehanihei* 

In addition to the vaeuiim system (h'seribed by the author (Hlhh), a tour-im-h 
diffusion pump is now used on the ion source side for differential puinping of tin 
residual gases and vapours. Both the iliflhsiou pumps are operated with freon 
oooled baffles, so that the pressure of the ehainher is maintained at -^1 lO-hnin 
Hg. when the ion source is operated with a gas Liipiid air lra])s iM (’ also ])vovided 
to reduce the condensable vapours The ]n('s.sniv is measured with tliennoeoujih', 
penning and ionisation gauge's 

T WE r O N S O IT R (J K 

A magnetic o.scillatJoii type ion source loi gas(‘s is used nith axial cxliiution 
as desciibed by Nielsen (lhi)7). Tlie ion source (Fig 12) consists of a ribbon iihi,- 
niciit ((t), tips of which arc water cooled, a cylindrical anode (H) of graiihne with 
a 3/1 1) inch hole for the outhd of ions and outlet side is tapci-cfl at an angle ol 



Fig. 2. Diagram of the jon. source anti the focussing olcctrodos. 
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55®. The whole system is on a hrasB flange {E) with electrical Icacb hennetically 
Healed. The tubular lead (J) coimectiug the anode Kserves as gas inlet adjustable 
through a needle valve. The source with flange is placed within a double-flanged 
specially made vitreosil tube {!)) and made vacuum tight with rubber O-riiigs. 
One flange of the vitreosil tube is connected to the main vacuum chamber through 
a bellow (f ') for slight adjustment of the system in space and a brass cylinder {B) 
containing the solenoid {A) for producing an axial magnetic field 200 gauss foj- 
ojierating the ion source. 

Three co-axial iron cylinders over the solenoid have to be used with spacers 
for screening the magnetic field of the mam analyser*, which might disturb the arr> 
of the ion source. The ions are extracted through an electrode system consisting 
of three graphite ejdmdois, the first one (i) kept at a potential 1500 K, whicli 
can be varied for attaining the optimum condition. The second one is kept at a 
potential 0.75 V, where V is the acceJeratiiig voltage and the third cylinder is at 
earth potential. Tons are cloctrostatically focused through this lens system and 
deflected by fhc magnetic analyser. The operating pressure in the source chamVter 
is kojit at — ' 10 ' to 10~‘* mm TTg approximately 

EbECTKONTC EQUIPMENTS 

Resolving power of a mass- siioetrometer greatly depends upon the stability 
of tlie magnetic field and the accelerating voltage. For attaining a siiecified re- 
solution, the order of voltage stability required is only half of that of the magnetic 

field i.e. . So, it was decided to stabilise the magnetic field to 1/2000 

H 2F 

and the accelerating voltage power sujiply to 1/1000 Tn stabilising the magnetic 
field, the current passing through the exciting coil is usually stabilised. Eoi high 
impedanc(‘ (ioils (D.C. 800 resistance) of our magnetic analyser, a stabilised 



Eig. 3. Stabilised power supply for the magnet coils : 

Ti— Pri 220v, Soc 2000— 0— 2000v; 1 5A; I’a— Pri 220v, Sec 2, 5-0-2, 6v, 30A; T ,— 
Pri 220v, Sec 6 3v, 3A; 2.5v, 5A; Lj, Lg— 20JI, 1.5A ms. 2KV; C,, Cj— 16 ^fd, 
2500V D.C; 1 p.fd, 2KV D.C.; C*— 4 fifd. 1500V D.C.; Vj, V;j— 872A, V;,_s-“ 
6336 (6); V„— 2C53, Vjo— 6051; Ri— lOOfi, Ra— 2Kn, R;,- 4Mn, R4-7— lOOKD, 
— IOOKUt Ri 5 — lOOKfi Helipot (ten turns). 
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power supply was considered suificiejit to attain short perjod stability of the ma^- 
nctie field. Fig. 3 shows the circuit diagrams of the stahiliscti po^^ci■ sup>>lN 
1 200 to H-1500 V at 1.25A used for exciting the nuigiict coils The use of 0330 
(Chattham) senes control tubes, high mu triodc 2053 as amplifier and r.tibl 
as reference tube gives a stability of ~ 1/2000 to the magnetic held over the mams 
fluctuations stabilised to 0.2%, with an a e. stabiliser (G.H) . Foi- a better stabili- 
sation, a .second feedback stage similar to that used by PelchoMdch (1054) or 1o 
avoid long time instability a current stabilisation device will bo rcijuircd. For tiu* 
present, neither of these improvements have liecn coiwulercd, 



t’jg. 4. Power supply for ilio ion source : 

(A) Aceeleraimg voltago 0-20KV (stabilised), (O) Arc voltage, (U) Fdanieut Ijeatmg 
suijply, Ti— Pi-i 220v, Sec 0-5KV, 50 niA (ms. 35KV), T,— Pn 2i0v, Sec 2. .5-2, 5, 
lOA (4) (ms. 25KV), T.,— Pri HOv, Sec 400-0-400, lOOiiiA, T,j— Pn 220v, Sec 0-2 Hv, 
,5 A (2), Tn—Pri 220v, Sec 350-0-350, 0 3v, 5A, To— rn 220v, Sec 0-Hv, lOOA, 
T7— Pn 220, Sec 0-220v, 2A, Li— 5H, lOOniA, Cb, C-j, Ca, C4— 0.5 /xfd, 10 KV J).C., 
Co, C(i— 2 /xfd, 500V, D.C., Vj.^— 8020, V50 — Vg-,)— ^A3, V,o— 0X.5, Kj-, 
— lOOMn, K(, — IKfi, pot, Kt.s— IMSL pot. Ro— 125fi’ pot., Rjcn- 0.4MO, 
iGj.ia — O.mn, K,4— 0.4Mii, Ri 5— O.lMJl, R,o— SOlCO, R^— lOM, R|h— 
100 KO, Rio— 2.5Kfi' R2„-2i“-2Klb 

The 0 to +20 KV aceelerating voltage, power supply (Fig. 4) is a ijuadrupler 
leetifier from a 5 KV transformer, the primary of which is supplied witli 0.*/ /o 
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dtabilisod 22()V A.O. The oiiiput d.o. 0 to +20 KV is stabilised to 1/1000 with 
a (iircuit (Fig. 4) similar to that deseribed by Hanson (1944) and modified to some 
extent. 

The filament heating power supply (Fig. 4) consists of a SV, 100 A. A. 0 
voltage, stabilised to 1% and rectified with a selenium rectifier The are voltage 
is supplied from a 0 to 220 V, 2 A transformer with 0.2% stabilised A.(^. voltage 
and rectified with a selenium rectifier (Fig 4). 

For oscilloscope detection of the ion beam, a .special tyiie of transfonnej- 
with proper air gap m the core and the secondary voltage variable from 0 to 
lOOOV IS connected in senes w'lth the accelerating voltage output for modulating 
it at 50 c/sec with other wrranginents similar to described by Zilversehoon 
(1954). 


220V-- 



Fig- r». — Oircail dmciani lor ionisation gauge with interlock for the diffusion pump. 

1\— Pri 22()V. See— t).3V, lOA, T,— Pri «.3V. Sec, 1 10 - 0-1 lOV, Ta—Pri 12V— Scr 
22()V, no l^id, -lOOV D.C., Kj— 2Kf2, R.—IKH pot., Ky— 200a, Aj— 0— lOA 

Aj— 0— l6/xa, Ag— 0— lOinA. 
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5 shows till' ion gauge eircuit with devices tor emission icgulation, 
modified from a (iicuit used by Hiehaid and Tiithil (Jt^hl). 

l^or the ,satet> of the ion gauge, its tilaiiieiit suiiply is inlerlocked \m1Ii IIk' 
lie.ater supply of the diffusion pump by a circuit (Fig. o) so that the u.n gaugi' is 
})votected when the heatei supply breaks down The hacking mechiiujcal pump 
is connected with the diflusion pump through a magnetic valvi* with air-ailmit- 
tanee, whicli piotects the diffusion pump oil lioui eoutamuiatioii with iiKM’haiiicid 
])Liin}) oil 

Fig. () slums a functional diagram of the luass-speclrmm-ter u ilh its ilit’lhrent 
eomjioneuts, 


G>»S irffVOIR 



Fig. G. — ^li'uncl loual diagram ol tlio jiiohh spi-otioinotcu'. 


V E K F O Jt M A N C E 

The performance of the massiieetrometer was tested by introducing neon 
and kryi>tou gas in the ion source. Fig. 7 shows the photograph of the niass- 
spectrum of krypton from the oscilloscope screen, ohtained hy sw^'eping the ion- 
beam over a slit 1/32 inch wide by modulating the accelerating voltage with the 
3 
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jj-^ -j 


ig. 7. — Oscillograph record of tho mass spectrum of Krypton isotopes, 

83, 84 & 80). 

folUiwiiig ojieratmg coj idi lions ; filament power-- 230 Walls, are voltage ~ 
70 Volts, arc. ciuTont ~ 400 mA , accelerating voltage ~G KV. 

The oscillograpli record shows some distortion due to the baek-groimd iio'^se, 
avIkui arc strikes and which can not be eliminated with the oscilloscope available. 
3''he currenl for the highest peak is estimated as 10~’ amp. Hie i*e.solviiig 
liower is measured to be 125, from the eijiialion 


wh(M‘e .r is the distance' lietween two masses, is the half width, M is the mas.s 
nunibei. The resolving power is found io be constant with the ions of neon and 
kiyidon lor the accielei'aling voltage iij) to 8 KV, above which no reliable data at. 
present wcie taken, because of the sparking between the ion source and negative 
eliMitrode for extraction. Smee the extraction of ions behaves as sjiacc charge 
limited current with this type of ion source, high accelerating voltage will enhance 
tho focused ion beam. Moreover, the iiifluonee of the field of the mam iriagnct'ic 
anal3^scr over the focusing electrode, uhich arc not fully shielded, may be somewhat, 
resjionsiblc for tlie loss of the extracted current. 

It is observed that the sparking is due to the rise in inessure on the ion source 
side and a diffusion pump of higher speed than the present one may improve the 
situation. b’urthermore, better stabilisation of the accelerating voltage and the. 
magnetic field, regulation of the arc, will be necessary to improve the resolving 
power of the instrument and the transmission may increase by modifying the ion 
source, extraction system and the vacuum system. 
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ABSTRACT hi Ihis papoi* tho X-i‘ay data on tlio tliorinal expansion ol KHrl, KT 
and CsUr upl-o thuir molting jiuints is roportod lor the first tinuL The contrduition of liittioo 
dofof'Ls to f lio tUormal oxpaiision im disoiiSHod. 'I’lio applicability of tlio Dcbyo-Gi uiiiViMmi 
tliooiy to c'xjijaii) iho variation of thormal expansion with loiniii'rafnrc ih cvii'niiiod. ^ An 
oxplanation of tho dififerciicci in tho obsen'cd vahiOH by the X-ray and tho niacroHciijnc 
mothodH js givon, and mi ap|)lioation of it to obtaiii a qiianf.itativo iiioaHiiro of tho iSchottky 
dofocts is mdicatod. 


INTRODUCTION 

In the liold of .solids, the .study of the alkali halide, s has provdded ii.s miHi 
a nunihei' of most iiitorestin^ properties. But when the literature ahont Hk' 
variation of lattioe (ionstanis with temjierature hy X-iay nieihod is examined, 
wo find that the crystals arc not studied as a group. Scattered data are avaihiJiJe 
on lattice constant vaiiation (and hence on thermal expansion variaiion) witli 
tmnperature, in some oase-s up to the melting point and in oihers witlim a 
limited range of temperature 

llclialde data on KBr and KT (\s])e(ially at liigh tompej'atnre are not avail- 
able. (xoli (11)42) slndied these sails between 20"‘0 and Imt the X-ray 

exjiaji.sion values oliiaiued by him differ by about 5 per cent in the ijase of KBi 
and about 15 per cent m the case of K1 from his valne.s detei mined hy the 
macroscopic methods, llius indicating a large concentration of defects (cspociallv 
in KI). ConneJl and Martin (1951) repeated the ohservations under identical 
conditions and found theJj- X-ray values agreeing closely with the mac7'osco}Jic 
values of Gott 

The only X-ray data available so far up to the molting jmiut of CsBr is that 
of tTohnson, Agron and Brediiig (1955). But their value of a at 25''n is about 
20 per (!cnt lower than that of Krishnaii and Srinivasan (1950) obtained liy 
])reci.sion inierferomotiic method. 

The present measurements were, therefore, undertaken (i) to provide accurate 

410 



417 


Therm>al Expansion of some Alkali Halides, etc. 

X-ray data on llu' thermal expansion of KBr, IvJ and Cslh by oni])olviuL!: a 
(liffraetometer, CJcifror counlri, raleinHei and a,n antoinaiic rli:ul lerurder, 
(ii) to study the role of latlue dideet.s on ilu* tluMinfil ex])a]isi(m and (lii) lo 
oxaniinc! the validity of the Dehye-driimeisen equal ioii.s. 

The diffraetojueter disc had a diaiuet(‘r of oOO inui •lud w as i alibi aletl in 
degrees (2^^, each degree dividefl into lour paits) Tlu‘ ({lugei eountei coulfl be 
moved over the graduated scale either by means of a sphejiumder (whose disi 
liad a diameter of about 7(1 mm.) oi by u. synehroiioiis motoi' 'Ptu' disc of I he 
spherometeu' carried giadnations so tliat leadings ol Ilu* eouiiler positions could 
be read up to 1 minute of aie and by estimation uj) to i minute 

O li S h] K A T f l) N S A N 1) li 10 .S U I. T S 

A special small turnai'C (Palhak and P.Midya Itir)!)) winch w .is liittsl in tlu* 
centre ol the diffractometer w'as eonsli iicI.ihI in the laboialoiy Tiie tenqierai iires 
wnTC measured by a jilatinnm-platinum ])lus 1(1% rhodium tlu')‘mo"oiiple. Tlu' 
furnace was caUbiated by ob.servmg the meltings ol (?) .xeetandide (llb'd), (ii) 
NaNO., (:ll()'‘C), (in) K./Vi07(4()(f'(^) (iv) C\s(ll ((ilb C^). (v) K(!l (71)0' (^) find Na(M 
(SDO^’C) '^riio results on NaCl (Patliak and Paiidya, Itlbll) and (isl (1‘iithak and 
Pandya, LbbO) obtained by using (he furnace havt* alrea(l^ been lejiortcd Smce 
the earlier results agreed with those oi the most lehabh' workers, it was di'citled 
t.o extend the oliservatioiis to othei* alkali halides, 'PIk' n-sulls now' obi aim'd am 
given in 'I’able 1 


TAULIC 1 


KBr 

1'ompci atuic 

Cell eouHtmil; 

'I’liinporatiin 


(ii A 

ili’givi* 

:w 

(> r.7t) 

28 

72 

0 fiHO 

78 

no 

0 601 

118 

170 

6 61S 

ir.o 

220 

6.(131 

204 

2R] 

6 on2 

261 

;no 

0.670 

320 

4irj 

(i 680 

370 

407 

6.714 

432 


0.732 

49.'3 

(ill 

0 7r.3 

0-12 



(iOl 


(Jslh 


(jt'll OOIlsllUlt 

'I’ciupuraliir's 

Cell c(»nHUint. 

Ilf A 

(|('|T1C(' (' 

Ilf A 

7,or»2 

:tJ 

1 202 

7 000 

81 

4.303 

7 081 

120 

4.312 

7 002 

1S2 

4 . 327 

7.10.') 

2(33 

1 . 340 

7 12.» 

2 or. 

1 3.73 

7 143 

340 

4 , 364 

7 KiO 

308 

4.371 

7 182 

380 

4 376 

7 204 

442 

4 301 

7 224 

495 

1.407 

7 244 

.740 

4 422 


001 

4 445 
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TABLE TJ 


KBr 


KI 


CsBr 


Toinjioraturo 
degree C 

ax IOC 

Temperature 
degree C 

a X lOf* 

Temperature 
degree C 

a X lOo 

30 

38.6 

28 

40.4 

31 

47 8 

72 

39.4 

78 

41 6 

81 

50.0 

110 

40 0 

118 

42.5 

120 

51.6 

170 

41.1 

159 

43.4 

182 

54 1 

226 

42 2 

204 

44.5 

263 

57 3 

281 

43 1 

261 

45.7 

295 

58.6 ^ 

350 

44 3 

320 

47.1 

340 

60 4 \ 

415 

45.5 

376 

48 4 

368 

61.4 

407 

46.9 

432 

49 6 

389 

(52.3 

553 

48 0 

495 

50.9 

442 

64.4 

on 

48 9 

542 

51 9 

495 

60 4 



001 

53 2 

540 

08.1 





601 

70.3 


TABLE TTl 


ax 100 


Connell band Gott 


Substanoo 

Temper atuio 
range 

Martin 

(X-ray) 

values) 

Gott 

(X-ray 

values) 

(Macro- 

scopic) 

values) 

Authors’ 

(X-ray 

values) 

KBr 

18-100 

40.5 

38.8 

40.8 

.39.2 


18-190 

41.7 

40 6 

41.4 

40.0 


20-100 

40.6 

37.2 

40.8 

41.2 

KI 

20-190 

42.1 

36.1 

42.7 

42.4 
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TABLE IV 
CauHiuin broiuidi^ 




a X lOf 


riogroo r 

Aiithoi'H’ 

(X-ray 

values) 

Ki'islmau & 
vSnnivaHan 
(Hacroseopif 
values) 

J ohnsoii 
ct a1 
(X-ray 
A'aluos) 

0 

46.6 

46 6 

37 2 

31 

47 8 

48 0 

30 5 

si 

.50.0 

50.3 

43 . 0 

120 

51 6 

51.0 

45.7 

182 

.54 1 

.54 . .5 

50.0 

263 

57.3 

57 6 

.5.5. 5 

29;-j 

5H 6 

58 7 

57.7 

340 

60.4 


60.8 

308 

Cl 4 


62 7 

380 

62 3 


64. 1 

442 

64.4 


67.6 

405 

66.4 


71.0 

540 

68 1 


74 0 

601 

70 3 


77 8 


T’lic ciqualious .saiist'vuij!; ilie siiioolh i-urves diuAvn troin llu' oliservcd poiiils 
are ^iveii below . 

K13r - -- « 57254 :2 499 > lU"-*/-} 9.557 x 

K1 7.0436-I-2.H01X 10 H \ 8.780x10 

ChEt rq ^ 4.2870 f 1 .998 X l(H^+9 378 X I i)-H^ 

I'he coefficient of thermal expansion a wa.s ealculaled from I lie eiiiiat ioji 
a =r ^ . The values of a Unis obtained lor the three salts are given in Table 

Ui (U 

Our results are eompared with those of the earlier workeis in 3’able ill 

and JV. 

The satisfactory agreement between our values and those of Connell and 
Martin as well as with the macroscopic values of Got! at comparatively low tem- 
peratures indica es not too large a concentration ol the migrated defects at the 
surface at these temperatures, (vide section 4) 
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Ti can Ixi seen I'loni Table IV that cmr results witJi CsEr agree (^uite satis- 
(iictoi'ily witli of Krishnan ajid Sniiivasan but tbsagree widely with those 

of .lohnson ei al 

JJ 15 B Y t] G K U N E I S E K E Q U A 'J' 1 O N S 
J )eby e-diuneisen thcoiy gives (KoIm'i-Ih, 19r>l) 

-r" 

fii tins LMjiiatioii V,[ and b,, are th(‘ voliunes of the crystal at and 0‘’7f res- 

pectively, A'(, file compressibility at O’* A', E the vibrational energy ot the crystal, 
7 the (Ti nneiscJi constant and m and u are lonstants obtained from the poteii- 
lial energy of the crystal, \ 

yn + •• (^) 

* « ' 0 

'^IMie tlieimal ex|jansi(Hi ot a solid is always small so that ^ 

2 

IS small comjiaiod \Mtli ninty Neglecliiig it the E([ (1) can b(‘ writlf'ii as 


V^ - - yVv 


• ... (3) 


Dividing both sides ot the eijiiation (1) liy 1^„ and transposing we obtain 


b,. r„ . 


yEKJ\\, 


•^0 I I «+w ] 1 Vrjx— K„ j 


Writing Q - VJy A'j, and p ^ I m equat^ion (4) we gel 


EjQ. 

Vr«- r., 




Substituting for V^'— l''o *** small eorroetjon term from Eq. (3), Eq. (5) lieeomos 


]'V-K„ _ iEI(l__ 
Vo ' ^-p.m 
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Remoiiibering that 



where t/j, ajul are the lattice constants at and 0^'K respectively, I^r|. ((i) 
can 1)0 written as 

3 ^ * 7'~^ 0 ^ tiJ/Q 

<U] J u i p . h\'Q 

In the case of alkali halides, hJ the vihialional energy is given hv E -- .J) 

[filT). Ihittiug this value ol K in Eq. (7) and ti ansjvo.sing we get 

^ ^ -3n (H) 

arp-a^ IR ■ T . l){6jT) ^ ^ 

This eiiuation shows that the graph of against / ,, should he 

T . l){(pT) 

a straight line If for a given crystal the above graph is really a straight line, 
we can (i) show that the sulistanee obeys (ilrunciscn's law and (li) dctcrniiiic the 
Grinieis(‘n's parameters Qj'lR and 3p troni the gra])h. 

The value of can be estimated from tin low tempiu’atm i^ a.|)])io\ima1ioji to 

Eq. (7) 

;j , »a7J- » 0 ~ (^ \ ~ \ 

r/g \ Q / ziA ' ^ w ' 27a 


^ 27a . T){0I2T6) 

' (\0|2T^) 

wherii C{OI21o) is the specific- heat function and Q ^ constant for low 

temperatures. 

In the ease of alkali halides investigated in the piescnt experiments the grajihs 

of against^ ^70 are straight lines, as predicted by the (Tiiineisen 

(iji Uq E ,E{^OjJ ) 

theory. Tdic Grimeiseii’s parameters QI2R and 3yi, therefore, assume great 
importance. The parameters determined from the above graiihs ioi- the ddfei i*nt 
hahdes are compiled in Table V The values ol the-se jiaranicLcrs foi (-sBr 
calculated from the X-ray measurements of Johnson et al., are given lor com- 


parison. 

4 
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TABLE V 

Griineisoii parametera 


Substauco 

(Q/2R) X lOa 

3p 

Referonco 


28.81 

7.25 

Present values 

K13r 

28. GO 

— 

Eq. 9 


27 . 12 

G.50 

Pi esont values 

KI 

25.20 

— 

Eq. 9 


23. 5G 

7.26 

Present values 

ChBi- 

27.10 

10.80 

Johnsun ci al. 




(1955) 


23.20 

— 

Eq. 9 


Tlio value of Q can also be obtained from the relatioji 




y *0 


(!') 


where Kq and V^^ are ilui compressibility and molar volume at ()°K, The values 
of QI21i cale.uJated from this equation arc also given in Table V, the values of 
y and K^^ being taken from Born and Huang (1954). 

ROLE OF LATTICE i) E F E C T B IN THE E X P A N « 1 O N 
OF IONIC CRVfSTALB 

The fact that the ionic crystals conduct an electrolytic current whieli olieys 
Ohm’s law at high temperatures shows that those crystals xiosscss mqjerfections at 
elevated temperatures. It has been found that the ionic conductivity increases 
as the tcmjierature increases showing that the concentration of the defects in- 
creases with temxjcratuj'e. Schottky (1935) and Jost (1933-37) have shown that it 
is exceccUngly unlikely that interstitial ions occur in any ajipreciablo quantity in 
alkali halides. Mott and Littleton (1938) have rolined the calculations and have 
shown in the case of Sodium chloride, for example, that the energy required to 
take a No. ‘ ion from a normal lattice position to an interstitial j)osition is 2.9 cV, 
whereas the energy required to form a pair of vacancies is 1.86 oV. Thus the 
number of interstitial ions is very much less than the number of vacancies indi- 
cating that ill alkali halides the Frankel defects are xiracticallya bsent while the 
Schottky defects jiredominate. 

As the temperature increases more and more ion pairs which wore forming 
the pari of the Schottky defects migrate to the surface. At the surface these 
ions are not surrounded by the bulk of the lattice and they (lease to be defects. 
Now they could be reasonably expected to behave as fresh ions wliich are 
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deposited on tlio surface of an ionic crystal, foiinin^r the same struct me as the 
bulk of the crystal. This liapiiens because tlir ions aie of the same ly])0 as 
constitute the crystal. These fresh deposits Avill increase tlie total voliiim* of 
the crystal but will not modify the cell size. The cell size u^ill alone be nu^asiirt'd 
in the X-ray pictures, while in the macroscopic measurement of A'ohtmc we 
measure the total volume (due to thermal expansion of the i‘ell and that due to 
the surface deposits). 

We art' thus led to believe that the difference in the measmed values of a 
by the X-]’ay and the macroscopic methods may be due to the fresh deposits at 
the surface due to the migration of the ions forming the Schottky defects H 
this is correct we could expect the divergence in the two values to increase with 
the temperature. It thus ajipears plausible that ve could estimate the degree 
and the extent of tho migration of the defcc'ts by cariying out accurate mcasui’c- 
mciits of a by the X-ray and the macroseopie methods. M’his work has bc'en 
started by ns and appears hopeful. 
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ABSTRACT. We can havo multiplex telephone Hyatoins by using sampled voice 
signals on tune division basis. These sampled voice signals may bo used to operate the 
tnlopliono roceivors directly. The paper deals with the choice of the optimum frocpionoy 
and width at which the voice signals are to be sampled in order that the tolojihone receivers 
may give the maximum output without having any appreciable dislortion. ' 

INTRODUCTION \ 

Recently linie-diviKiou prijiciples have been applied to multiplex radio 
relay HystemH (Grieg and Levine, 1046) and pulse code modulation inctbodH have 
been used in many of them (Black, 1947 and Ricldman 1948) The lusc of sampled 
waves in lime -division woi'king has some advantages in telephone systems and 
although their use in telephone systems has not yet been esialilished, work 
IS h(‘ing carried on in this direction (Chaiiermole, 1958 and Pruse, 1 958). Sampling 
frecjucneies of different values and of different width have been tried hut no 
investigation appears to have been made with regard to the doterminaiioii of the 
optimum values of the sampling frequency and its width. Sampled voice signals 
are just like jiulse amplitude modulated signals but in them as tlie modulations 
are unidireetional. no demodulation is required and they can he used to operate 
the telepJione receivers directly. An attempt has been made m this paper to 
deliMTiiine the optimum values of the sampling frequenc}^ and its width when 
sampled voice signals are used to operate the telephone receivers directly. 

TELEPHONE RECEIVER AND SAMPLED 
VOICE SIGNALS 

In the case of sampled voice signals with square-topped pulses separated by 
spaces of no pulses, not only will the ongmal voice signal be present but there will 
also he a vei y large number of beat trequencies formed by the frequencies of the 
original w^ave with the fundamental and odd harmonics of thti sampling frequency 
^Vhen the sampling frequency is greater than twice the highest frcqiieney compo- 
nent present in the voice signal, all the frequency components of the voice signal 
will he present in the sampled wave according to iShanon’s sampling theorem, 
but wium a telephone receiver is subjected to such sampled voice signals, it 
Avill lie subjected not only to the original voice signal but also to a very large 
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number of beat- freciiiency compoiieniH referred to ftlu>ve. Il is, Iberel’ore, elear 
tliat if tlie telephone reeeiver is lo give iin exaeL leiirocliiction of a voice* sigiiuJ 
from a sampled wave, the sanijiliug frequenev should not only be greater than 
double the highest frequency component present m the voice signal, but the 
Rampling frequency should be such that none of the other ua\c packi’ls asso- 
ejated with sampled wave may affect the tele])lione leci'iver. 

When the number of channels to be voiked on sampled voice signals on 
time-division basis is increased, the duration of the sanqiles aie to bi* necessarily 
decreased in proportion Thus for a 100 channel system, the duralion ot the 
samples must at least be decreased to 1/J00t,h ])art ol the lime betueen conse- 
cutive samples. When the duration of the samples is very small, how(*ver com- 
pared to the time bciv'oeii consecutivi* samples, the telephoiK* leceivt'i may be 
assumed to be subjected to a senes of impulses at llu* samjihng ponds and the 
dia])luagm may be assumed to be rhsidaced to distances proportional to tin* total 
sum of the amplitudes ol the impulses In this case also the fre()nemdes in tin* 
signal will be reproduced exactly when the sampling frequency is an exact multi]>l(* 
of them. This can he shown very easily mathematically, Wlu'n tlu'y an* not 
exact nmltijiles, the sum total of the ainjilitudes flue to the same lieipieney 
component will be diflevent- in different half (yolfss and siih-harmonics of the fre- 
qiieneies will be introduced. These have been illustrated in h'lgs 1(a), 1(b), l(i) 
and ]((l) for a few cases. As the voice signal (sonsists of a hand of freijneneu's, 
any one sampling frequency cannot be exact multiple of all the comjiomjiitK. 
Therefore distortions are liable to he ud-rodiiced. '^I’his disioitioii, however, 
deereases as the sampling frequemy is iiieiea.sed and it is iif'ghgiliU^ when the sampl- 
ing frequency JS many times the highest frequency ( onqionenl present m tlu* voice 
signal . 

mathematical treatment 

SiqipoHC p is the angular fiequeiiey of the original wave and If is the angular 
frequency of the sainjiling rate. 

Further, let yW ~ ,rp where y and .t are the two mmiimnn jiossihlc integral 
inimbeivs. 

I^hcn the angular distance between two coiiseeutive samples will he given hy 

0 = 27t ^ 

X 

If w samples correspond to n cycles of the wave 

Then O.m, = n. 27 r (w and n arc integral numbei's) 

or u ^ ^ ■ »' 

2n X 2n .r 

Thus for given values of yjx, m will be of such value that n becomes an integer. 



426 


P. N. Das 


When W — 2p, 4p etc, n will become equal to 1. Therefore in each cycle 
there will be a deriniic number of samples and it can be shown that the total magni- 
tude of the samples hi each half portion is also equal. Therefore if a telephone 
receiver be subjected to such sampled waves instead of the continuous w^ave, it 
will give the same reproduction. 

When, however, yjee has a value such that y has got a value other than 1, n 
will also have a value other than 1. In such a case a fixed number of samples 
cannot be contained in each cycle of the w^ave anti so the samples in each cycle 
will be differently distiibuted but a definite number of samxiles will be repeated 
aftei' every few and definite number of cycles of the wave, this number of cycles 
being given by t he value of n. Further, the sum tot al magnitude of the sain pies 
in each half cycle will not be of the same value and a sub harmonic of the order 
of the value n will bo introduced. 

If a band of frequencies, say, voice frequencies are, therefore, sampled and a 
receiver is sub jected to such a sampled Avave, a few^ frequency coiTqDononts whi^se 
direct nmllqiles will be the aainjiling frequency, wdll be correctly rejiroduccd aiid 
others wdll bo distorted. It. is to be noted, however, that higher the values of 
sampling rates, greater will be the number of sanqDles present in each half cycle of 
each (iompouent and less will bo the differencevS in total magnitude of the samples. 
These Avill be evident fi'om Figs. 1(b) 1((!) and 1(d). Therefore, for good 
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Fic. 1(a) & l^b). Total magnitude of pulses in different half cycles sampling 

done at a frequency which is not an exact multiple of the frequency of the wave. 
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Viff. 2(o) & M). ToUiI iiiaKuiiudo ol’ pulsoa m difforout lialf oytloa wlinu sanipluig Jh 
dono at a froquonoy uhicL js not an exact luultiplo ol tlm (j'ociuuney ot tlio ^vav(). 


ropi-(i(luctiou purpotiOH, the saiiipliug froqiuuicy should be quite a iiuiiil)er <»]' times 
the higliest fro((ueucy cumjioueut present m the vtuee sjgjial. As discussed aftev- 
wai'ds, it lias boon experiincntally fuiuid that the sampling Iriapuuiey should be 
at least 4 tinios the highest froipiene-y (‘omiHniont present in the voiei' signal, 
jii ovdci' that the distortions in the output of the teleqihone leoeivor may be 
negligible. 


METHODS OF F K O D U 0 J N G S D 1 'J' A B L E 
SAMPLED WAVES 

Germanium diodes in the form of a bridge luwe been used by the author else- 
where (Das, 1057) in produe,ing samiiled waves as shown in h"ig. 2. The bridge 
shows a low resiataneo between the points A and H when f ' is at. a higher poti'jxlial 
than D and it shou-'s a very high resistance when (J is at a lower potential than 
D. If an altornatmg voltage referred to as the switching voltage bii axiiihed 
between C and D, then the bridge will be made conducd-ing and non-eunducting 
alternately between the points A and B and the bridgi; will behave^ like a 
switch between A and B, If pulses are used as switching voltage in series with 
a bias voltage as shown, then also the bridge will be conducting duiiiig pulse 
periods only if the pulse voltage is greater than the bias voltage. Pulses of varying 
frequency and varying width are obtained by triggering a monostablc multivibrator 
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with cl blocking oacjlJator. The frequency of ])ulses is changed by chajigui^ tJie 
frecjiieiK'y of triggeiiiig pulses with the help of the blocking oscillator and i, the 
duration t)f the pulses is changed Avith the help ul the nionostable multivibrator 
used. Thus using suclii pulses as switching voltages, we can get the sampled 
waves ot different sampling frequency and of diflcrcnt width. 

EXPERIMENTAL 

{i) Opiimwm sam/pUmj fmpiency 

The experimental arfangemoiit is shown in Fig. 3. The switching voltage 
obtained in the way described above is applied to the bridge circuit consisting of 
four germinium diodes m series with a bias battery voltage ol 5 volts. The 
audio signal wtin obtained from an audio oscillator and the saiiqiled 



BLOCKING MONOSlABLt OUTPUT STAGE 
OSCfLL ATOR MULTIUIBHATOR W/TR LmTER . 


Fig. 3. Expcnmeutal arrangoiueut. 
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wave obtained was e oiineetod directly to a telephone Jt*cci\'er 'J'lie 
outjjiit of the telepihone receiver is fcil to a mii^rophone atul the 
outinit signal from the niicrophono is amplified by means of an amplifier 
whose output was studied with a 0.1^ O. When the samiilmg freijueney 
was above 10 Kc/s, the output of the telephone i-oeeiver w as found to fie an exact 
reproduction of the audio signal over the entire, voice signal range up to 3 Kc/s 
irrespective of the width of the samples When the sampling frequency ^^'as low cr 
than lOKc/s, but an exact multiple ol the audio signal, then also the outjmt 
w^as found to be an exact reproduction of the signal which w as sampli'd. ^^'hcn. 
however, the sampling frequency w'^as less than lOKc/s and not an exact miiltipk' 
of the audio signal freipiency, distortions wore found to be picsent in the output 
and these distortions varied as the sampling frequency w^as rhanged evident ly 
due to the different sub -harmonies that were jirescnt in the dilfei’eni cases . One 
such distorietl signal as seen in C R.O. for a sinusoidal wave is shown m Fig. 4(a). 
When, how'^ever, the sampling frcipicncy was It) Kci/s and above, the output of the 
same audio wave as seen in C.K.O is as show'll m Fig. 4(fi) 


(a) 



(h) 


Fig. 4. (a) Output ot a HinuBoidal siguul wh«n Hampluig friKiiu.ncy is uol, an uxaot 

multiple ol the signal unci much below 10 Ki /s, 

(h). Output of tho 9»mo BiuUBOi.W siRuftl orlion Uio somplmR froquo.ioy is IOKo/b. 



(w) Oplimivm width of sampler 

The power of tho original wave is tlicoretieally proportional to in the 
sampleil wave where t is the width of the sample and T is the iame interval between 
oouseeiitivc samples. Tliereforc, if keeping the sampling lieipicncy eoustaut 
its width is decreased, the power of the original wave in the sampled wave, will 
also be decreased and m order to get the same, power output the power ot the 
original wave has to be increased before it is sampled. This has been experi- 
mentally detemiined with the same exiierimental arrangement, with the s ight 
inodifleatiou by which the output can be measui-ed. The results obtained are 

5 
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shown ill Fig. 5, Fxoess power in db required in audio sigiials oi 1000 c.p.s, before 
it is sampled in order that the sampled weaves may give the same audio signal 
output in a telephone reciuver, has been plotted against width of samples of dif- 
ferent sampling frequency. It is seen that smaller the width of the sainplcSj 
larger the power required in the audio signals for giving the same outpni, from 



TIME DURATION OF EACH SAMPLED PORTION IN jUS ► 

Fig. 5, 

the sauii)lecl waves. The maxiinuin width of samples is, however, detorinined 
by the sampling frequeney and the number of ehanncls in the system. With 
10 Kc/s as the sampling frequency, the value of T is fixed i e. 100 //-secs. Thus 
for a fO-channel system, the maximum theoretical value of the width of the samiile 
c-an be fO //-secs,' If we arc to give a margin of 100 p c. distortion, the Avidth of 
the samples will be limited to 5 //-secs only. With such samjiles the audio signal 
has to be mcroased m power by about 30 db before sampling if the telephone 
receiver is to give the same output as the original audio signal. 

DiSCUSvSiON 

When a telephone receiver is directly operated by sampled voice signals, 
the sampling frequency having a value equal to double the highest frequency 
component present iu voice signals, the reproduction is not satisfactory because 
of the beat frequency components formed by the fundamental and odd harmonics 
of sampling frequency. For instance, ii the sampling frequency is tliree times a 
particular frequency component in the voice signal, then the second harmonic will 
be introduced by the lower beat. For this reason although 3 Ke/s may be taken 
as the liighcisl freipioiicy component of the voice signals, a sampling frequency 
of 6 Kc/s docs not reproduce the original signal faithfully. The boat frequencies 
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formod hy higher harmonies present m the square- h)})pe(l signals may Uo negli- 
gible but the beat frequciu'y formed by the fundaineiitai of tlie sanqihiig frequeniiy 
cannot bo neglected. An oi-dinary teleiihoiie, receiver is not veiy si'iisitn'ca bov(‘ 
7 Kc/s. Hence if the beat freipieney iormed by any component of the v^oiiic 
signal with at least the fundamental of the sampling fiequeiicv does not coim*. 
within 7 Kc/s, the reproduction is not distorted. As the bighesl frequency (‘om- 
ponent jiresent in voice signals may fie taken as A K(;/s, the ](n\cst sampling 
frequency necessary is 10 Kc/s as experimentally dott‘nnmcd 

M^hen the samples are of very shoit durations, distortion due to the sampling 
frequency being not an exact multiple of any voice signal Ircijuency, is also 
negligible when the samhng frequency is at least 10 Kc/s. The maximum width 
of the samples that ciin be used is limited by the number of channels for a paitj- 
cular sampling frequeiuiy. It is to be noted, however, that when the number of 
channels is increased and the width is necessarily tlccreased it is iiot^ necessary to 
increase the power of the audio signal ])ro]iortionately as shown by the flat natiii i* 
of curves of Kig 6 towards the smaller width regions. As it is flesirable to use 
the lowest value of sam])Jing frequency. 10 Kc/s is the optimum value (or sajuplmg 
voice signals to be used for working tcle])lione leceivers and the oiitimiim width 
of the samples is determined by the number of elianiiels in the svstiun 
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FORGE CONSTANTS OF THE URANYL ION BY WILSON’S 
F-G MATRIX METHOD 

K. V. NARA8TMHAM 

(ApPLIEU PlTYSirS DEPAIlTAfENT, MaDBAS INSTITUTE OF TE('BN0L0QY, ChBOMEPET, MaEBAS) 
{Rece^red, April 2, IDGO) 


The force consiauts of the U02'‘‘+ iou in caesium nranyl nitrate have hc(‘n 
calculated by the Wilson’s normal coordinate treatment (1939 and 1941) for both 
the l)ent and linear structures (Cg^, and Dob ft point groups respectively). The 
vibrational frequencies, bond length and bond angle arc taken from tlie data 
reported by Dieke and Duncan (1949). They are as follows . • 


Symmetric strete.hirig frequency 
Symmetric bending frequency 
Antisymmetric stretching frequency 
Bond length 1.68 A. 


883.98 cm-i 
213.16 „ 

956.20 „ 

Bond angle 135®. 


For the bent uranyl ion, four constants Fji and F^ are to bo calcuilated 

and thei'e arc only three frequencies for the ion. Therefore, the value of F^ 
calculated by Satyanarayaria (1942) using the equations given by the valence 
force field theory has been taken. The value is 6.97x10'* dynes/cm. Assuming 
this value of F^, the other potential constants are calculated by the F-G matrix 
tnethod. 

For the linear uranyl ion, the G matrix elements are obtained from the tables 
of Decius (1948). But a deficiency occurs in his tables when a molecule contains 
three or more collinear nucleii as in the expressions for the s- vectors given by 
Wilson for bonding coordinates, the denominator becomes zero. Therefore, 
Forigle and Mcister (1951 ) have given alternate expressions for the kinetic energy 
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matrix dements of the boucling co-ordinates for linear molecules, from Avliich the 
g matrices of the bending cocndinates of the UO., ion are calculated, 

TABLE 


Force 

poiistant 

Bescijption 

Honl UOj ion 
(C‘2V) 

{\ 10 dyiioH/ 
cm . 

Linear XlO.j 
ion 

(X 10^ dynoa/ 
cm. 

l‘d 

0-U Btrotohing 

l-f) 1)7 

1 7.49 

i‘dd 

Inl-oraction between Ihe Iwo hondH 

- 0.77 

-0,12 


O-U-0 bending 

, 0 47 

1 0 20 

Ua 

Interaction bot.woon tlio bond and 

angle —2,31 

0 


The author is thankful to Dr. V. Santhamiiia foi‘ her help in the course i)i the 
calculations and to Dr. V. Ramakrishna Rao tor his interest in the work. 
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PHASE-TRANSITIONS IN Cu [(NH4)S0,1 j6H,0 
(Misa) (lOXlRI BHOWMIK 

J)fj-a«tmi!KT <if Maokktism. Indian A««o<iai'jon for xiin Oft.ttvation of Niirnch, 
Jauavpiir, Calcutta-32. 

(Tteceived, A'uyust 8, 1900) 

■ Magnetic measurements shoivcl (Bose, el al, mi & M) that the smglc 
crystals of many Tutton salts (composition • M(AXY 4 ), 6 H, 0 ) lost their magnetic 
anisotropies in the range 65°-120°C, probably due to n phase transition taking 
place which caused the single crystal to become polycrystalline. As a prehmmao' 
to studying the change in magnetic properties of the substance with ehange m 
structures, a study of the thermal dehydration of a typical case.-thal o. 
Cu[(NH,)S 04 ], 6 H 40 , was undertaken which shows that there is a loss o mo o- 
cules of water at 67°C. The crystal structure of the dehydrated product was then 
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sl.ufJiecl from X-i-ay powder photogi'apli. It is found that the dehydrated product 
cojisiats of the double salt Cu[NH 4 )S 04 ] 2 , 22 H 2 O. Application of Lipson’s 
method (Lipson, 1949) shows that it has an orthorhombic unit cell having dimen- 
sions; a — 14.84A, b — I 2 . 52 A, c — 10.69A containing H molecules per cell. 
Conditions of reflection suggest the possibility of assigning to the dihydrate either 
of the space-group 2^ or 

iSince direct X-ray data on Cu|(NH 4 )S 04 ] 26 H 20 single crystal is lacking, 
Ave also undertook to study it and find that the hexahydrate which belongs to the 
si)acc-groiip P2,/a and contains 2 molecules m the unit cell (Hofmann, 1931), has 
tlie following coll dimensions . a = 9.27 A, 6 = 12. 50 A, c = 6.33 A, /? — 106.6'. 

It IS interesting to note that the b axis in both the hexa- and dihytlrate has 
the same length. It is, therefore, probable that the transition from the mono- 
clinic to the orthorhombic system has taken place after merely a loss of 4 "Ivater 
molecules and a rearrangement of tbe molecules with referem^e to two vortical 
planes i.o., the transition is “topotactic” in nature, ^ 

Phase transition study for further dehydration and a more detailed study 
of structural (jliaugos by growing single crystals at high temperatures are under 
jirngress. 

The author expresses her sincere thanks to Prof. A. Bose, D.So., F.N.I., 
for his kind interest and coiLstaiit guidance and to Mr. 8 Ray, M,8c., for many 
helpful fliscussions during the progress of the work. 
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F-G MATRIX ELEMENTS FOR PYRAMIDAL XY^Z 
MOLECULES 

P. BABU RAO AND K. SREERAMAMURTY 
Physics Department, S. V. University CollegEj. Tirutati 
{Received July 7, 1960) 

Using Wilson’s F-G matrix methods (1939, 1941), Pistorius (1959) obtained 
the elements for the planar XYgZ type molecules employing the most general 
harmonic force field. These were recalculated by the authors (1960) and utilised 
to calculate the potential constants for certain specific cases. Venkateswarlu and 
Siindaram (1967) carried out a normal coordinate treatment for the pyramidal 
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XYjjZ type iiiolccules neglecting a number of force constants. As a large iiiiinb(?i' 
of these molecules are kjiown and as their structural constants arc bc'ing ioiunl 
by microAvave techniques, it is felt desnablc to carry out a similar cali iilatioii loi 
this tyiie of molecules employing the most general harmonic force licld. 

The following symmetry coordinales ai‘e set up vNhich transform according to 
the characters of the eorrosponding vibration tjqics. 

^ 4 ' = z (Af)-}- Af/j^-J-Ado) 

V3 


^_(2A1>-Adi-Arf2) 

V 6 


Rg (Aaid-Aa^-l-A/y) 


R4^ (2A/)'-Aai--Aa„) 

V6 


A" : J;.(A,h-Ad,) 

K„ — ^-(Aa,— Attj) 

Here AD and Ad represent the X- ^Zt and X — F si retchings, Aa and A/j the 
valimce angle bondings of Y—X—Z and Y — X—Y I’cspeetivoly 
T’ho potential energy V is given by 

2 K - Jj) . AD^ \ fdY.Ad\ I , ADXAdi 

t 1 

+ 2/'*,ArfiAda+2/„,Ay rfi;Aa,+2/j„ . d . XAt/jAa.- 

t V, 

-\~^S^aa • dljAdiA(Xj~\-'<iJipdAli^Ad^ 

+‘ 2 fn^AD . rfA/?+/.d“SAa^-l-2/„.d“AaiAa2 
+2hgci:^AftXAai+Ud^A/P 

I 

The folloM'iiig F matrix elements are obtained : 

A' ^11 = ^ 

Fja = ( 2 / 2 ,+ 2 /£)d— 1*5)1) 
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■^13 — 5 2/ij+2/rf^) 

1^14 = 3^(%H-4L«-2/b.-2A) 
1^4 = g Wi,-8/w+2/.) 

372' 

Fm = g (Vi,s-4/i,.4 2/,-4/,^) 

= g (2/3+4 /«<(+/j 9) 

P34 = 3^ (2/./,+2//(-2W 

3^''44= J (4/H-2/,-8/„;,) 

Where fj,L ajid /g atajicl Tor 

ifd+fdi). (/da 1 /'do) a-iid (/0+/00) ifKpectively. 

: ^,,=fd-Jdd 

^66 ~ fda~'f da 

^60 — Ja~~ftta 


The elenicuts of the inverse kinetic energy {(J) matrix are given below iiaing 
the following abbreviations ' 

djD—cos OL = K l+ooB a-l'cos ^ = Q 

l—djD cos OC — L 1 + COH /i—2 COB OL — T 

1 — cos a — 1-1“ cos p—2 cos^a = Y 

1— -cos p — Mfi cos a = c„, sin a = 

1-l-cos p —■ N 
1-1-2 cos OL — P 





jji - = Keciprocal mass of the atom i 
A' : 


cos p = Cfj, sin yff = Sp 
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0x3 


Oi 4 


' 1 /-[ + 2 VJ-<’.J». 

^ Sa 


O22 — I 1 -//J 

Cl« - I I /.. ( F!< W";liS',Ki I *,+ til.lfK ! WiMfi I 
o« - I 2». I ■WJV?'' _ '"■•+2iy 


, rf® 17 

-I /'■/• /‘»^2 *' 


G« ■-- J- [ (4M,+ } 

\ /8„<Sa SJ' \ 


0|i6 — 


0b6 ^ 




^00 
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BOOK REVIEWS 


THE CHEMISTRY OF NATURAL PRODUCTS, Edited by K W. Bently, 
V''olume [. “The Alkaloids” by K. W. Bently, Tnterscieiice Publishers, 
New York. 1957. pp. 237. 

The “Alkaloids” is the first of a series to be published and this is expected to 
have a A\ddc coverage on the chemistry of natural products. In fact during the 
last three years a few volumes have already appeared. The aim of these publi- 
cations as stated in the “Introduction” particularly the present one, is to have a 
golden mean between exhaustive treatises like “''rhe Alkaloids” edited by Mansko 
and Holmes and “The Plant Alkaloids” by Henry, primarily meant for the benefit 
of graduate students in British Universities. 

It becomes extremely difficult for the author, Avho has hovTvev made notabS(e 
contributions towards our knowledge of alkaloids, to apply his discretion witl^ 
judgment consistent with clarity of expression, when ho has to deal with an already 
vast and a rapidly expanding subject in such a short span of about 225 pages. 
Naturally many important topics of current interest had to be omitted in this 
book. Particular mention may be made of the absence of any chaptei on 
Rauwolfia and curare alkaloids. Another aspect which meiits considei'able 
attention is that sufficient emphasis has been placed on biogenesis for bettoi' 
understanding of the formation of and correlation amongst; different groups of 
alkaloids. It may be mentioned that these half- tested truths and* plausible 
assumptions are now-a-days being accepted as absolutes and realities and this 
shoAVs some unscientific tender- mindedness on the part of some authors 

Coverage of the book is quite commendable and it is a pleasant reading because 
of profusely neat and hand-drawn structures in every alternate page of the book 
The only criticism that can be made is that some errors have (uept into the book, 
which are, of course, trivial in nature. Lot of credit goes to the author m present- 
ing this volume at such a Ioav price thereby making it available to a Avide circle 
of readers and from these considerations,, purpose of Avriting this book has been 
fully justified. 

P. C. D. 

PRINCIPLES OE PHYSICAL SCIENCE— By F. T. Bonner and M. Phillips, 
August, 1957, pp. 716, Addison- Wesley publishing Co., Inc., Reading, 
Massachusetts, U.S.A. Price $ 7,50. 

It is iioAA^ a well recognised f^ct that science has become such an integral part 
of our life that a basic kupwdedge of it is essential even for persons Avho are not 
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directly connected with scieiK'c. It ik a difficult task to give in the compass of a 
single volume the fundamentals of the physical sciciuM's in a form MhicJi can be 
understood by the readers having no scientific backgrouml. In the present both 
the authors have performed this task very creditably, ^riiey have heen able to 
give a coherent picture of the physical sihuiees from the astioiiomy ol“ ancieiil 
Greeks to the modern chemistry, nuclear phvsics, geophysics etc. The toj)ies for 
discussion have been very carefully chosen trom the difieteid branches of science 
so as to represent a good overall picture. 'Phe treatment of thevarious scientific 
phenomena is very clear and mterestmg. A laige numboi' of care I n I ly designed 
illustrations is given which makes it easier to gras]) tlie iimdanienlals. ^Plic book 
may bo useful to fresh college students of seieiiei' as iiddil ional i cadiiig ^fhe large 
number of instructive examples at the end of each dia^iter wdl help to elanly the 
physical ideas. The get-uj) of the hook is exeelleiil. 


li.K iS. 


TMIOGKEDINGN OF THE INTERNATIONAL SYMPOSIUM ON ISOTOPE 
SEPARATION”, edited hy Kistemakei, Rigeieisen and Nier. (North- 
Holland Publishing (/O.) 

Tins volume is a coinpilalion of the papers read at the first ijiti^rnational 
syniposium on isotope separation held in Amsterdam in 1957, organised by the 
Ncthciiauds Physical Society in t ollaboration vNith the International XTuion of 
Pure and Apjilied Pliysics Theic are at present not many standard books on 
t-he theory and method of isotope, sepal atioii. "J^ic publication of this volume 
giving Ihf^ latest achievements in this field is most welcome. 

The study of the science of isotope sexiaration has received great impetus 
during the last two decades witli the discovery of nuclear fission and the use of 
separated isot-opcs as a tool tor investigation of jiroblems m chemisti-y, physics, 
biology and production technology. The book deals with both tlie science and the 
technology of production of isotopes, their jmrifieation and properties and covers 
a wide ground. All the jiapers are conveniently grouped according to the method 
of separation employed, under the foUowmg nine parts : 

i) Chemical Engineering, 2) Molecular Interactions, (8) Chemical Exchange, 
4) Electromigration, 5) Distillation, 6) Thermal Diffusion, 7) Diffusion, 8) Electro- 
magnetic Separation, 9) Ultra-ccntrifuges. 

The chemical engineering section deals mainly with the design procedure for 
large scale isotope separation units starting from basic laboratory data while the 
second section deals with the physical properties of isotope mixtures whose 
knowledge is essential for the understanding of the different processes. In the 
section on “Diffusion” also various aspects of design theory for large diffusion 
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plants hav(3 been discussed. Reports on plants for large scale separation of 
nitrogen, hydrogen and boron isotopes as well as discussions on the theory of 
the process of isotope separation by chemical exchange have been included under 
the section “Chemical Exchange”, while separation of isotopes of oxygen, lithium, 
hydrogen and boron by distillation process, and the economic considerations of a 
fractional distillation plant have been presented in “Distillation” section. The 
Iheory and performance of multi-stage thermal diffusion columns, have been 
discussed in the section on “Thermal Diffusioji” and the production of 
for the Manhattan District programme has been described. The operational 
experience of electromagnetic separators in Harwell and Oak-ridge has been 
described in the section on “Electromagnetic Separation”. The progress in the 
practical aspects of isotope separation by the two comparatively new methods 
of electromigration and gas centrifuge has been reported in another two sectii^ns. 

From the brief resume of the different sections given above it will bo <;lcar 
that the papers presented at the symposium cover a very wide spectrum of 
methods now available for isotope separation. The book will be very useful to 
all those who have some acquaintance with the subject and want to keep themselves 
abreast of the existing literature and the present trends. Sufficient details about 
design and construction have been given at several places to make the study more 
useful and realistic. The editors and the publishers are to be thanked for providing 
such a collection of up-to-date information about this very modern and deve- 
loping subject. 0 


B. N. .S’. 



AN ISOTOPE EFFECT IN THE COLLECTION ON 
CHARGED PLATES OF (n, r) RECOIL PRODUCTS 
OF BROMINE 


H. J. ABNIKAE and A. lAL 

Labohatohy of Nxjolbaii and Physical Chkmisthy, Banaius HiiJdl Univjcwhity, Banaiias 


{Recnvedt June 1C, 19CU) 

ABSTRACT. A study of the rolativo yields of Br^o, BrS""! and Brsa following tui iira- 
diation of C0H5 Br for a duration of 9 days, by an annlyniH ol' the time-decay ourvea, shon 
that the apparent yield of Br^o on the anode plate is rouglily twice tliat ol Br^s. Tlieso 
roaulta are discussed, vh-a-via, standard dots for the thermal lU'ution capture ere&H sections of 
corrosponding target atoms, Br^o mid BrS^ and their relative abundauees. Those findings, 
considered along with tho probable counting officioucy for the i-esultiiiK ladioael-ivc^ l.rodiuds 
and their docay oharactoristics, point to the cxistenco ol a small but definite net isoto]>e 

offcct in the overall process of (1) recoil, (ii) charge acquisition and (iii) collection on the 

charged plate. 

1 M T R 0 D U 0 T 1 0 N 


Results of early workers (Formi at a/., 1935; Libby and Vault, 1039, 1941 
and Goldsmith and Bluerer, 1950) on the use of ehaiged plates for colleetiug the 
(». r) recoil products show marked diffcrciues in respect of relative yields collect, 
ing on the plates of either sign and of a separation or otherwise ol isotopic and 
isomeric products. Fermi e« al. (1935) found in the case of methyl or ethyl iodide 
vapour under neutron irradiation, the polaiity of the collecting electrode was 
not significant. Similarly Libby and dc Vault (1939 & 1841) find equal eiincb- 
mont of Br«» isomors on the anode and cathode. On tho contrary, Oie results o 
Paneth said Fay (1935 and 1936) on the separation of radioisotopes oi As as wo 
as of bromine and iodine forming under the Szilard-Clialmers process s lowtc a 
marked dependence of the yield not only on the sign of the electrode hut on its 
chemical nature and physical condition of the surfaoe. With I t « 
instance, no activity coUeets in the ease of iiTadiation of aliphatic ^-gon ^ ^ 

pounds, while with smooth Ag or Cu electrodes the active products are d^d 
Llusteely on the anode. In the case of bromoheiireue, 
colloot on hoth.anode and cathode m the ratio of roughly - • ^ 

Capron (1946) «re at further variance, more activity collects on 
onL Ide in tho case of Wr„ while it is tlic reverse m ^e c.c of C H.B. . 
This last finding of preferential ooUeotdon on the anode ‘ 

frequent oceuirence as, for instance, also in the separation ot In isomors (Gold 

smith and Bluerer, 1960). 
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There is a similar lack of agreement in respect of whether or not an isotopic 
and isomeric enrichment occurs in the products of the recoil process collecting on 
the charged plates. Fox and Libby (1952) Roul and Libby (1953) and Chien and 
Willard (1954) find no isotopic effect in the retention (fraction of active products 
left in the original organics medium unrecoverod) in the case of iso- and n-propyl 
bromide, while Shaw (1951 and 1956) as well as Capron and co-workors (1946, 
1952 and 1953) find important isotoinc and even isomeric effects at least in the 
case of aromatic bronio-compounds. No agreed mechanism is available for the 
secondary reactions following the {n, y) recoil reaction, to account for the rela- 
tive yields on the charged plates of the different isotopic and isomeric products 
as in the case of bromobenzene. The following work has been undertaken with 
the object of obtaining experimental data under controlled conditions which 
would help in understanding the role of ionization in the above, an aspect relatii"ely 
less studied hetherto. The present paper reports results for the collectionV on 
charged plates of radioistoiies of bromine in a state of high specific activity mid 
of the associated isotope effect. \ 

EXPEJlIiMENTAL ' 

About 500 ml of bromobenzene were irradiated in a pyrex beaker by a 60mC 
source of (Ra-l-Be) plunged in the liquid. The neutron source was surroimded 
by 2 cm of paraffin and a thin walled glass tube. This glass sheath was necessary 
as both parafiin and polythene were found to be acted upon by bromobenzene 
under the action of the accompanying high energy gamma radiation. The 


— ^Paraffin 
— Brojnobenzone 
—Neutron source 
— Electrodes. 


Fig. 1. Arrangement for the collection of (n, y) recoil products of bromine 
on charged plates. 
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electrodes consisting of two parallel plates of either (1) copper with a thin coat 
of agar-agar gel coniaining 0.1% of NaOH or (2) silver with or without a trace 
of AgBr, wore placed 6 ems apart and symmetrically vith respect to the neutron 
source, as shown in Fig. I. The field was provided by a battery of 00 volts con- 
nected across the electrodes. Irradiations were conducted for a period of 0 days 
corresponding to about six-times the half-life of the Jougest lived isotope, viz. 
36 hr Br-82. Sometimes a field of 1050 volts was applied during the last 5 hours 
of irradiation, The radio-isotopes were recovered in tlu^ end from the t^^'o charged 
plates separately as follows. In the case of the gcl-coatcd coppei* ehu’itrodeB, 
the gel w'as melted by warming and the liquid collected w'as evaporated directly 
in a counting tray and in the case of the Ag eleelrodos, the isotopes wrre rcco\'ered 
by washing the surface wdth a small amount of ammonia and evaporating the 
liquid to dryness in a counting tray. Separated in this way, the prodiud- was Ju 
a state of high specific activity, the amount, of inactive bromine being inappre- 
ciable. 


K K S U X. T S 

The activities collected on the positive and negative olei'trodos w'ero measured 
separately with a thin ond-window 0. M. eouniev undei coiulitions ol consiiint 
geometry. From an analysis of the corresponding time-deeay curves the relative 
yields of different radioisotopes present in the fraction collected w'ere computed, 
From two measures of the total activity jirodiiccd in the liquid, w ith and w ithoiit 
the electric field, determined with a liquid counter, the percentage rctcmliou 
was calculated. This varied between 60 to 70% for all the isotopes considered 
together. Decay curves (Figs. 2 and 3) wdiich arc tyiiical of nuimuous obser- 
vations show that three activities Br-K2 (36 hr) and the metaBt.abloBr-S07a (4.4hr) 
and her ground state Br-80 (18 mm) are produced. Also some of the last acti- 
vities were directly formed from the target Br-70. 

The use of extremely thin end-window counter permitted the counting of 
80 KoV gammas, of which about 45% arc internally conweried, with an efhcieiicy 
comparable to the counting of the betas from Br-80 and Br-82. Counting 
wdth a scintillation counter with and without filters for the betas justified this. 

The relative yields given in Table I of the different activities collecting on 
the two electrodes are typical of a senes of experiments. 


TABLE I 


Activity 

Anodo 

Cathode 

Total 

450 

220 

86-hour 

116 

88 

18'iiiiu 

200 

100 

4.4-liour 

135 

32 
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The periods of the two isomers are such that they reach toiisieut equili- 
brium during the duration of the experiment and the shorter lived (18 min) Br-80 
decays with the same period, viz., 4.4 hours as its parent Br-80m. Hence of 
the total 4.4. hour activity measured one half is due to the daughter product. 



Fig. 2. Analysis of th's decay curves of the activity collecting on the anode. 
Positive Plate 1, Decay curve - Br-80, Br-80w®, Br-82, 2. Decay curve : Br-80 & Br.-SOra, 
3. Half-lifeline - Br-BO. 

This ‘half’ value together with the 18 min. activity directly formed from the 
target represents the total Br-80 collected. T&ble II shows the net values of 
the different radiostopes directly formed from the target. 


TABLE II 


Isotope 

Aaode 

Cathode 

Br-82 

115 

88 

Br-80 

200 

100 

Br-80 m. 

68 

16 
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Fig- 3. Analysis of (ho decay curve of the activity collecting on the anode. 

1. Decay curve : Br-80, Br-80w & Br-82, 2. Decay curve . Hr- 80 & Br-80w, 

3, Half-life lino • Br-SO. 

DISCUSSION 

In the formation of Br-80 by the (n, y) reaction the maximum energy of the 
gamma emitted is 7.88 MeV (Groshev et al., 1959) which gives 4lGcV as the 
corresponding maximum recoil energy of the Br-80 nucleus, which is adequate 
for its rupture from the parent molecule. The initial recoil -rupture reaction 


PhBr*->Ph-hBr* (1) 

is, according to Libby (1947), followed by 

Ph Br+Br*-^Ph+Br+Br* ... (2) 

As a recombination of these high energy particles may not be readily possible, 
Shaw (1956) suggests the following secondary reactions : 

Ph+Ph Br->Ph. CeH^Br+H (3) 

->Pha+Br (4) 
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Reactions (3) and (4) tend to increase the Szilard- Chalmers' extraction yield 
while the isotope exchange reaction Eq.(6). 

Ph BrH-Br*->Ph Br*-fBr ... (6) 

leads to increased retention. This is the basis of coiioentratiiig radioisotopes by 
the Szilard- Chalmer technique. 

In the above mechanism, it is to be noted, that ionization is not referred to 
as a necessary stage. As against this, the results presented above as well as those 
reported earlier by Capron et al (1958) point to the appearance of ionization at some 
stage in the process. In our experiment, both positively and negatively charged 
particles have been collected {vide Table II). With a high factor of internal 
conversion (^45%) associated with the transition Br-80— >Br 80m, a fraction 
of the initially formed Br 80 is to be expected to be in the Br+ state, following 
considerable electron loss due to Auger effect. This accumulation of charge, 
Goldsmith and Bluerer (1950) have shown, may lead to molecular djssociapon. 
Earlier, Cooper (1942) had worked out the theoretical basis for the occurrcn(^e of 
such molecular dissociations occurring as a consequence of the Franck- Condon 
principle. 

These considerations account for the positively charged i>articles collecting 
on the cathode and of the concentration of the ground state isomer Br-80 on the 
cathode. The extreme instability of the Br+, however, leads to a greater fraction 
of it to be changed to Br- finally during transit through the bromobenzene medium. 
A value of 5.4 for the dielectric constant of the medium is considered high enough 
to bring about this conversion. These results finally lead to a greater yield on 
the anode than on the cathode as observed. It is clear that other modes of ioni- 
zation have to be contemplated, in addition to the Auger consequence following 
internal conversion, for explaining the collection on charged plates of the nictas- 
table isomer and, more specially the isotope Br-82 which does not undergo 
isomeric transition. 

The other observation of interest is the occurrence of an isotope effect in the 
relative yields of the radio-isotopes Br-80, Br-80 m and Br-82 collecting on either 
electrode. The relative yield (y) for a given species is directly related to the 
capture cross-section (tr) of the corresponsing target nucleus and its amount (ti) 
in the path of the neutron beam. We may thus write for the yield, 

7i = di(rini 

Here 6 is the fraction of the given product finally collecting on a given charged 
plate. In the absence of an isotope effect this fraction {yjo'n) should bo the same 
for all the species. Table III shows the relative yields together with known data 
for the percentage natural abundance (») and the capture cross-section (o’) of the 
corresponding target nuclei Br-79 and Br-81, 
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TABLE III 


Target data 



Product yields 



Anode 

Cathode 

ff (barns) 

«(%) 

y 

yfan 

7 

7/cm 

Br.79 (18 min.) 8.6 

50.6 

200 

0.466 

100 

0,233 

Br.79 (4.4 hr.) 2.9 

50.5 

68 

0 466 

16 

0.109 

Br.81 3.5 

49.5 

U.5 

0 665 

88 

0.507 


Kesults for the positive plate show the occurrence of a marked isotope effect, 
in the formation and the collection of the isotopes, Br 80 and Br 82 in contrast 
with its absence as between the two isomers Br-80 m and Br-80 as showJi by the 
characteristic (y/o'/i.) values. In the case of the negative plate however, an 
additional enrichment of the isomers is also aiiparent. This undoubtedly ariseH 
from the predominance of Br^ in the ground state of Br-80 following the internal 
conversion — ^ionization mechanism discussed above. Tlie value for (y/<rw) tor 
Br-80 is over twice that for Br-80 w on the negative plate, while the two values 
are the same for positive plate. 

The earlier results of Shaw (1956) indicate a similar order of retention as 
between the two isomers. Om* results however differ from those of Shaw in i espoot 
of the order of the yield as between the lighter and heavier isotopes. The for- 
mation of active water-soluble compounds, other than HBr and elementary bro- 
mine, during accompanying radiolysis is considered one of the causes for the 
variable yields reported by earlier workers, employing aqueous extraction to 
concentrate the recoil products. It would thus appear that the method adopted 
in the present work of collecting the products on dry charged plates would mim- 
mizo these variables. A more detailed investigation in respect of the mflueuco of 
field intensity, nature of the target substance and possibly temperature, would 
he helpful in understanding some of the secondary reactions following the (n, y) 
reaction. 
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THERMAL DIFFUSION FACTOR FOR HYDROGEN 
AND WATER MIXTURES 

S. C. SAXENA 

CHKMisTitY Division, Atomic Enkuoy Estahmhjjmicnt TuoMiivi. ]J(>mha\ 

{Receioetl, Auquitt J, 19(J0) 

ABSTRACT. Iho thomial diffusioi* lacl-oi loi’ iLo Hy«ii>iu hyiiiofrmi iiiuJ wntdi -vapour, 
has) boon caloulatod from an ccpiation which uI'IIihch only the oxpciinieiilal data on tiniiHport 
properties and their temperature derivatives and is mdojicndnul el' any j)aiti(‘ular form fui 
the mtor-mulooular potential The thp'‘mal diffuHion iacto” Isns also been i-oiuputc'cJ fur othei 
systems which omergo out oi the diffmoiit isotopic species ot these two [irmi'iiial comjiniient.H 
Tnose values arc of paitieular intereHt in inleiproting the data obtained on the enrichmenl 
of hydrogen isotoiies, in a thermal diffiision column, using tlu' following ehemieal exchange 
reaction : 

HD bHaO HDO-l-H. 

TNTRO J; U LIT 1 OK 

Considerable interest centres around the ciiuilibrium and non-equililiriuni 
properties of water and it-s mixtures with otlicj’ gase^s. Tliis is because of the 
presence of water vapour all around us in the ainiosplieie and d(‘sign-eiigineora 
need all such data m coiinootioii with their problems involving heat transfer etc. 
References to such data are found m the work of Keenan and Keyes (1954), 
Hirschfolder, Curtiss and Bird (1954a), Powell (1958), and Liley (1958). In 

recent years, some success has been achieved in computing the properties of non- 
polar molecules from the theoretical results ol statistical meelianics in c-onjunetion 
with spherically symmetric iutermolcculai potentials. Unfortumitely, the position 
for polar molecules is far from satisfactory. For such JiioIccoJes, the coniplicaled 
angle-dependent potentials make it very difficult, if not impossible, to calculate 
the various collision cross-soctions. There is an additional mtercKt in the thermal 
diffusion factor for the hydrogen and water system, for thermal diffusion coupled 
with chemical exchange has been tried by Pien^e (1969) to enrich the hydrogen 
isotopes ill a thermal diffusion column. The theoretical calculations of the thermal 
diffusion factor, in particular, are more complicated because of the following two 
reasons : Firstly, the infinite determinants which represent the thermal diffusion 
factor have been expanded into an mfinite series by two different methods, viz 
Chapman-Cowling (1952) and Kihara (1949), Mason (1957). Secondly, hoth 
these infinite series have in general rather poor convergence and consequently, 
to arrive at reliable results for actual systems elaborate numerical calculations 
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have to be performed for the specific interm olecular potential. In this paper all 
these difliculties have been successfully surmounted and the values of the thermal 
diffusion factor for the various combinations of the stable isotopes of hydrogen 
with normal and heavy hydrogen water have been calculated in the temperature 
range 307 “K to for both the ends of the concentration range. 

FORMULAE FOR TRE THERMAL DIFFUSION FACTOR 

The general formula for the thermal diffusion factor, a^i, is given in the books 
of Chapman- Cowling (1952) and Hirschfelder, Curtiss and Bird (1954) as the ratio 
of infinite determ iiiauts. Various approximations are then obtained by expanding 
these infinite determinants according to the procedure of either Chapman- Cowling 
(1952) or Kihara (1949). Mason (1957) has studied in detail the convergence 
errors involved in on various intormolecular potentials and for specific tjypes of 
mixtures. Recently, Weissman, Saxena and Mason (1960) have shown tfcat for 
a binary mixture, where the heavy component ia in trace and the ratio W the 
molecular masses <=: 0.1 or loss, a^, can be calculated within one to two percent 
by the following formula \ 

M ... ( 1 ) 

where the subscript 2 represents the lighter component and for a mixture con- 
sisting of polar and nonpolar components (being designated by the subsi’ripts 
p and n lespectively) we have; 

.0 o _ 15Mp(M,-M„) , m^MnA*^n 


I ¥„+¥, I \ ■ ■■■ ' ' 

0-0 ^ ( 2Jfp U / 

- (3) 

- - ( 4 ) 

C'ls* = C’V» = - (5) 

K = 1 (8£V»-7)H ( 1- ^ ) (8jBV«-7) 

[1-|(6-4S*,..,)(66V»-5)-‘]. - (6) 



Thermal Diffusion Factor for Hydrogen etc. 461 

^ (7) 

E*„_„ - (S) 

where M represents the molecular mass, are the reduced Chapman -Cowling 

collision integrals and a is the collision djameter. Here, we have arbitrarily 
chosen the subscript 2 for the nonpolar component, hydrogen, in older to be 
consistent with the convention of assigning the subscribpt 1 to the heavier 
component. In case, the lighter component is polar, correct values will be obtained, 
if the subscripts representing the molecular species are interchanged. 

A straightforward calculation of Uj, is not possible from these expressions, for 
the various collision cross-sections have not been evaluated for such an inter- 
molecular potential which takes into account the polar natuie of the molecules. 
The labour involved in the evaluation of these collision integrals is formidable and 
as yet this has not been accomplished. However, all these collision integrals 
(except A*p-n) can be replaced by the absolute values of the transport (’oolli- 
cients or their temperature derivatives. The reiiuirod relations are: 
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In the above equations pr stands for the pressure. When the light component 
is in trace following Mason (1957) ay can be calculated thus: 


... ( 16 ) 
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where 


(16^,.„-10)-3(6-4BV-) (im 

‘“i' io:p3(6-4av„) — ' ' 

Thus, if we know Dp~n and i/„-nas a function of temperature and is assumed, 

aj, can be calculated. Ap^j^ is known to be fairly constant (1.10) over a long 
range of temperature, [Saxena, 1960] and does not vary much from the nature of 
the potential. Further, it is shown later that a^, is insensitive to the value of 
Ap^n and so an apijroximate guess will serve our present purpose. In this way 
the form of the intermolecular potential is completely removed from the expression 
for aj. in favour of measureable quantities and their temperature derivatives. 
The only limitations of these formulae are the basic assumptions involved in the 
derivation of the kinetic theory of gases. The one of special interest here, rigorously 
speaking, is that those formulae hold only for spherically symmetric molcciiles. 
This assumption is rather serious for the case of water which is polar, but as\the 
transjiort properties are less sensitive to molecular orientations and as Krieger 
(19t5l) had some success for polar molecules wifh an anglo-indepcndcnt potential, 
we will continue to assume the applicability of central forces. 

CALCULATION OF T H E THERMAL DIFFUSION 
FACTOR 

Tlic diffusion coefficients have been experimentally measured for'the hydrogen 
and water system by Winkelmaiin (1884, 1889), Schwortz and Brow (1951) and 
Orider (J956). The results of Winkclmann and Crider agree with each other but 
are systematically lower than those of Schwertz and Brow. The reason of this 
disparity probably lies in the effect of supercooling at the vapour-liquid interface 
(Le Blanc and Wuppermann, 1916) and in the difference in the solubility of hy- 
drogen in water. Schwertz and Brow have avoided this difficulty and 1 feci 
their data is the most reliable one at the moment. This latter data can be re- 
presented by a linear plot of log D vs. log T in the entire temperature range (307.3 
— 352.7'’K), with the average standard deviation of. 0.6% only. Consequently, 
we will treat (d In DfS In T)pr as constant in the formulae of the previous section 
and then to this approximation, In Dj (In T)® can be neglected in this tempera- 
ture range. 

The data for the viscosity of hydrogen in this temperature range is given 
by Trautz and Binkelc (1930), Trautz and Heberling (1931), Trautz and Husseini 
(1934), Johnston and McCloskcy (1940) and Wobser and Nuller (1941). All 
this data can again be represented by a linear plot of log Tf vs. log T in this tempera- 
ture range with an average deviation of 0.1% only. The value of the term, 
d In/^/d In T, was found to be negligible in this temperature range [Saxena, 1966]. 
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Table I lists the values of the thermal diffusion factor for the two Uuiiting 
ends of the composition range and for the three temperatures at v'hicli the experi- 
mental diffusion data are available. In eoluiiin 2 ai-e tabulated the values, 
calculated according to Eq. (1) in conjunction with K(j. (b) and trom (II) to (14) 
while the column 4 values emerge out of the use of Eqns. (15). (lb) and (10). 
Theso values, designated as first' set, utilise the diffusion data of Schwc'vtz aud Brow 
(1951) The secsond sot of values listed in columns and 5 of Table 1 have sim- 
ilarly been calculated, except that the diffusion data of Wiukelniann (1SS4, I8S9) 
has been used. In these calculations a constant value of 1.10 forvi* was used. 
However, these calculations are insensitive to the A* value, in as much as a 
change of 20% in A* changes o-t 3ii8.0''K) only by 0.2%. values, 

calculated using the diffusion data of iSchwartz and Brow, are always higher 
than those obtained using the data of Winkehnan. Tlu* author feels that the 
first sot of ay vahie.s is more reliable 


TABLE 1 

Thermal diffusion factor for H 2 HjjO system 


Tnmp.'^K 

ay calculatod 

, Xi = 0 

ay cttleuluterl, -- 0 

rirsi set 

ScM'Oud set 

First .set 

Soeord set 

307 3 

1 21 

1 Ot 

0 812 

0.01 

328 0 

1 24 

1 07 

0 812 

(1 OJ 

3.'32.7 

1 , 30 

1 08 

0 812 

0 (II 


In Tabic tl, are tabulated the diffusion eoeffieionts and the thermal rliffusioii 
factors at 300''K and 350°K for the various systems, permuting out of the isoto])cs 
of hydrogen (H.^, HD and D™) and heavj^ hydiogen sidislitiited water (lf.D, HDO 
and DgO). The diffusion coefficients have been calculated from the measured 
values for Ha-HgO system, by applying the mass eomndion factor, ay values are 
calculated in the same way as tliat of 1’ahlc 1. The 7/ values also were gemeratod 
from the experimental values available foi hydrogen and by multijilying those 
with appropriate mass correction factors. The ay values for those system, wdicro 
the mass ratio is consiclorably more than 0.1 will be somewhat inaccurate because 
of the use of Eq.(b). However, even for the worst case of Dg-HaO, K has only 
a value of 0.0146 and consequently the values given in Table II can be treated 
as fairly reliable. These values of ay arc very useful in a.ssessing the data obtained 
in connection with the enrichment of hydrogen in a thennaJ diffusion coJunm, 
using the following chemical exchange 

HI)H-HaO;fHDOH-Ha. 




454 


S. C, Sawma 
TABLE 11 


Diffusion coefficients and thermal diffusion factors 


System 

Djj-n m cm 2 /sec. 

ajitit 300“K 

at 350°K 

300“K 

350®K 

Xi =0 

Xa «= 0 

Xi =0 

X 2 =0 

H 2 -H 2 O 

0.996 

1.1Q5 

1 . 103 

0 812 

1.290 

0.812 

H 2 -HDO 

0.994 

1.192 

1.206 

0.812 

1 . 303 

0.812 

H 3 -D 2 O 

0.991 

1.189 

1.217 

0.813 

1.316 

0.813 

HD-HaO 

0.834 

1 ,000 

1.078 

0 807 

1.167 

0.807 

HD-HDO 

0.830 

0 996 

1.104 

0 BOB 

1 187 

0.808 

HD-D 2 O 

0.838 

0.993 

1.112 

0.809 

1.203 

0.809 

D 2 -H 2 O 

0.739 

0.886 

0.970 

0,803 

1.062 

o.slis 

D 2 -HDO 

0.735 

0.882 

0.993 

0.803 

1 .076 

0 8 ok 


0.732 

0.878 

1.012 

0.804 

1.097 

,0.804 


In fact, the present work was undertaken out of the need to interpret such results. 

Unfortunately, at present there is no regorous procedure for calculating the 
transport properties of mixtures consisting of a polar and a non-polar component. 
Hirsohfelder, Curtiss and Bird (1954b) have advanced an approximate procedure, 
which also has not been extensively tested so far. Tlus approach is based on 
the concept that the effective potential between a polar and a non-polar molecule 
has the same form as that between two non-polar molecules. An attempt is 
being made to assess such semi- empirical approaches proceeded by a redetermina- 
tion of the force constants for pure polar gases from the up to date data. 
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ABSTRACT. Heat iTansfer between .electrically heated metal wn’es and difl'erent 
boiling Iiquide has boon studied and charaotcMMstic boiling curves arc obtained by plotting 
Iho heat flux qjA against the excess of temperature of the wire over the boiling point. 
The i elation between the heat transfer coefficiont h and At lias also been studied. The 
values of maximum heat flux and critical tomporature difference are calculated fiJ the 
different wires and liquids used in this investigation. 1 

1 NT KO DUCT TON \ 

It IK a iiiaiter of tioiiinion experience that when a red hot luctal ib cjiioiuslled 
in water, the metal first cools slowly, then rapidly and then slowly again. This 
can bo taken as a good illustration of tlie throe possible typos of boiling, viz. — 
film boiling, nucleate boiling and natural convection boiling. Film boiling is that 
type of boiling which occurs when a vapour film exists between a heated surface 
and a boiling liquid. Tn nutdeale boiling, vapour bubbles originate from different 
parts of th:^ heated surface. Natural convection boiling takes place when the 
difference o( temperature between the heated surface and the liquiid is small. 
In the opera I ions of jots and rockets, there are frequent contacts between a boiling 
liquid and a 1 ot surface and this is the condition for film boiling. Tii an electri- 
cally heated bi. iler or an atomic power plant where the heat input is the controlled 
variable, there is always a danger that the temperature of the heated object; 
may rise abruptly if the heat input is near the critical heat flux (r//A). This 
danger becomes much more pronounced if the value of the heat input is above 
the maximum heat flux (qlA)fnax‘ If abrupt temperature rise is sufficiently 
large, it may give rise to sudden expansion and weakening of certain parts 
of the system, sometimes causing breakage. 

In view of the above importance of film boiling and nucleate boiling, we 
have tried (1) to investigate the effect of queniihing electrically heated wires in 
different liquids and (2) to study the heat transfer, bylneans of characteristic 
boiling curves (incorporating free convection boiling, nucleate boiling and film 
boiling ) between cylindrical metal wires and boiling liquids. 

Drew and Mueller (1937) and others have studied heat transfer to boiling 
liquids by steam condensing method. Nukiyaraa (1934) succeeded in obtaining al- 
most complete boiling curves by electrically heating thin platinum wires submerged 
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in boiling water. Natural convection boiling and nucleate bailing of water for 
different pressures have been studied by Addoms (1948) using thin plathium 
wires. Extensive study of film boiling was niadt; by Bromley (1950) using 
various organic liquids. 

During our study of heat transfer, we have obtained charactorLstic boiling 
curves for a number of liquids and the results of our (‘xperimeiits oji heat transfer 
between cylindrical metal wires and boiling liquids have been described in this 
note. The complete boiling curves [plots of log {gjA) against log A/J for the vaious 
liquids used have been obtained for (fifferent wires, and the maximum heat flux 
and the critical temperature difference have been calculateil. The heat flux 
{gjA) for unit difference of temperature between tlui w^ire and tlie surrounding 

liquid is known as the heat transfer coefficient h. Thus h ~ Af I'elation 

between this coefficient h and the teinperaturii (bffei'eiice Ai has also been sutdied 
for liquids such as water, carbon tetrachloride, turpentine, etc. and sonic typical 
results have been graphically illustrated (Fig. 2 ). 

EXPERIMENTAL 

The experimental arrangement consisted of a simple Wheatstone bridge 
with ratio arms of 1000 ohms each. A thin platinum wire which was submerged 
in the boiling liquid was included in the third arm of fhc bridge in seiies with 
an ammeter, while a small rheostat and a Eureka ivii-e bridge with a sliding 
contact formed the fourth arm of the bridge. 

The platinum wire is as allowed to remain in the boiling liquid for sonic time 
before passing a current through it so that it attained the temperature ()f the 
boiling liquid. The resistance of the wire could then be calculated at this tem- 
perature, if i2o> resistance of the we at O^C and a, the tiunpcralurc coefficient 
of resistance for the wire are known. A very small tmrrcnt wliich docs not heat 
the wire appreciably, was then passed through the wire and a balance was obtained 
by adjusting the rheostat and by sliding the c-oiitact on the- Euieka who bridge. 
The current through the wire was then increased so as to raise its temperature. 
This increases the resistance of the wire, thus disturbing the balance previously 
obtained. The contact is now shifted so as to restore the balance. Knowmg 
the value of this shift and also the resistance per unit length of the Eure a we, 
the change in resistance Aii! of the platinum wire could be calcidatcd Iho 
excess of temperature of the wire above the boiling point of the liquid could then 

AM 

be determined by means of the relation At . 


3 
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RESULTS AND DISCUSSION 

The input power q is equal to where O is the current passing thrgugh 
the wire, R is its resistance and J is the mechanical equivalent of heat, The heat 
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Fig. 1. Curves showing the variation ef qjA with the excess of tein} 7 erature. 
Curve I — ^Platinum-water. Curve II — Platmum-carbontotra^hloride, 
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Figi 2. Curves showing the variation of h with tho exoess of temperature^ 
Curve I — ^Pltttinum-water. Curve H-— Piatiiiuiu*carbontretraohloride. 
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flux is given by qfA where A is the surface area of the wive of length I and 
radius r. Typical curves showing the variation of qjA Avith the excess of tempera- 
ture M as also the relation betAveeii the heat transfer coefficient h I J \ 

\ AAt/ 

and for water and carbon- tetrachloride are exhibited in Figs. (1) and (2) 
respectively. 

The values of the maximum heat flux and critical temperature 

difference Atcrtt for the different wires and liquids used as also the values of the 
slopes calculated for natural convection boiling and nucleate boiling together with 
the heat transfer coefficient {h) at the peak value are shown in Table I. 


TABLE I 


Liquid 


Slopes foi- 

ij] 

A* ent 

(^'■linoa: 

cal/cm.2 

soo^C 


Nat. 

t’onv. 

boilmg 

Nuol. 

boiling 

/ max 
cal/sec. 
cm2 

Water 

Platinum 

0 91 

3 25 

15.8 

19'C 

0.800 

(B.P. lOO^C) 

Turpentine 

-do- 

1 2 

3.6 

12.03 

39.8°C 

0 302 

(B.P. 106°C) 

j* = 0.005 cm. 

Copper 

1.0 

4.06 

10.96 

30..T’C 

0.302 


j- = 0.0026 cm. 

Tungsten 

0.9 

1 6 

12.6 

43.6'’0 

0.276 

Naphthalene 

r = 0.0028 cm. 

Platinum 

0.77 

2.8 

11.48 

39 

0.288 

(B.P. 316°C, 

Cor)jor 

0.83 

3.75 

10.72 

39.8“C 

0.203 


Tungsten 

1.0 

1.7 

12.69 

38.0Ji'’C 

0.331 

Oarbontetraohloride 

Platimun 

0.6 

^.57 

0.9 

19.96°0 

0 355 

(B.P. 7TC) 

Tungsten 

0.71 

3.0 

8.7 

22 

0 355 


AVhen the heat flux exceeds the system passes from nucleate 

boiling regime to film boiling regime after passing through a transient state of 
unstable film boiling. This unstable (transient) state is shown by the dotted 
curve in Figs. (1) and (2). In the state of stable film boiling a vapour film is 
formed between the wire and the liquid. This film acts as a barrier in which the 
heat flow is due more to conduction than to convection. The formation of tliis 
barrier (vapour blanket) naturally diminishes the heat flow from the wire to the 
liquid and hence the value of heat transfer coefficient h is also decreased as indicated 
by the graphs in Fig. 2. These graphs also indicate that if the heat flux is still 
further increased, the value of h goes on decreasing further, 
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CONCLUSIONS 

(a) The material and dimensione of the wire do not seem to affect the value 
of the maximum heat flux iq/A)^ax much as the properties of the liquid, especially 
the latent heat of vaporisation. 

(b) The continued decrease in the value of h with the increase of heat flux 
in the film boiling regime seems to be due to a slight increase in the thickness of 
the vapour film. 
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ABSTRACT. Tho dioloctnc jn-oporiiofl of coi)al oator havt' boon inottniirf'd ovor a wi<lo 
range of toinporaturc and fi-equenoy viz., from 25“C to 1(50°C and from 400 c/s to 300 kc/a. 
Witftin the toiiiporaturo range of invoRtigatioii coj)til ostoi bohavos us a iy|)ical j)olai' rosin 
in the anoiiialoua dispersion rango. Tho loss ourvns have imiiHually broad peaks wliieb suggest 
a highly distributed relaxation time oi its oncntatuig polar units. This is corroboi'Hlod from 
tho shape of the e''jetn vb log fjfm curve as Avell or a high value of the disbrilmtieii factor eiil- 
oulated frem the Cole and Colo diagram. With tho help of melt viseosity data of this resin 
tho 8170 of its rotating unit has boon calculated following Debye's relatim and tne ealculatod 
radius comes out to bo about L.^A, which is tlu* same as that of a hydroxyl group. I ho 
prosonce* of the hydroxyl group is ck'urly indiealod in liio mfrarod absniption spidrum of 
this resin, which suggests tlieso grou}»s to bo its actual rotating units. 


INTRO DTJf;TiON 

Copals arc a general name for -various fossil and semi-fossil rosms found 
iu some tropical countries. They arc usually named after their places of origin. 
Like rosin, copals have a high acid value and they differ somewhat ui their 
chemical and physical properties depending upon their composition. Copal 
esters, however, are important .is they arc widely used in tho preparation of in- 
sulatmg varnishes, impregnating compounds, moulded msulation etc. 

Bhattacharya (1946) studied the dielectric properties of Manila Copal, while 
Clare (1949) reported tho dielectric propoilies of Kauri copal. But recently the 
application of Debye’s equation for obtaining tho siae of the rotatmg unit in a 
few natural resius has revealed some interesting fact. In tho case of rosin (Sen 
and Bhattacharya, 19.58a) the radius obtained is equal to tho efleetive vadnis o 
abietic acid molecule, the chief eonstituont of rosui. whereas m the case et ester 
gum (Sen and Bhattacharya. 19.58b) which has a much bigger molecule, a similar 
calculation yields a much smaller value for the radius, viz., that of the hydroxy 
group. The fact that ester gum contains hydroxyl group has been corroborated 
later from the infrared absorption curve. 

It was concluded, therefore, that perhaps the uncsterified hydroxyl groups of 
mono- and di-abiotatos in ester gum were the actual lolating units. “ 

and di-abietates are formed during the esterification of rosm, it is natural expect 
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a Himilar formation of mono- and di-glyceridos during the esterification of similar 
other resins with glycerol. If in these esters too the value of the radius comes 
out to be that of the hydroxyl group our conclusions regarding the rotating unit 
in ester gum can be justified to some extent. With this end in view the measure- 
ment of the dielectric properties of the glycerol esters of copal has been 
undertaken. 

THEOBETICAL AND EXPERlMEi^TAL 

The theoretical aspects of dielectric meaurement have been fully discussed 
before (Sen and Bhattacharya, 1958a and 1958b) and the procedure for the 
measurement of permittivity, power factor, resistivity and viscosity are the same 
as reported earlier (Sen and Bhattacharya, 1957, 1958a & b). / 

Infrared absorption curves 

(1) Recording of absorption curves \ 

Absorption measurements wore done on a Hilgor infrared spectrophotow 

meter, model H 800, using a rock-salt prism as the dispersion element in the range 
of 1 to 15 microns. The instrument was used in the double beam position, where 
the transmission through the test medium was automatically balanced with the 
transmission through air. A Bro^vn-Electronik recording potentiometer was 
used for obiaiiiing the absorption-wavelength curve. This curve was photo- 
graphically reduced to convenient size. 

(2) Preparation of test-pieces. 

Wires of 28 S.W.G. were made into rectangular frames of dimensions approxi- 
mately V'x\". Films were formed on the wire frames from molten resin having 
apjwopriate viscosity and surface tension depending upon temperature. Sufficient 
care was taken in preparing the films of required thickness making a compromise 
between maximum tT-ansmisslon and mechanical stability. 

DISCUSSION 

The results of measurement of dielectric constant c', dielectric loss e", and 
power factor tan 8 for various temperatures and frequencies are shown graphically 
in Figs, 1, 2, and 3 respectively. 

These curves also indicate the characteristics of a typical polar substance 
in the anomalous dispersion range. The power factor as well as the dielectric 
loss curves begin to rise from about 50°C. The loss maxima for 10 kc/s, 50 kc/s, 100 
kc/s and 300 kc/s are more or less of the same value and it is about 0.09 while 
for 400 c/s and 1 kc/s they are slightly higher. The range of temperature over 
which the different peaks are distributed is about 42° C. 

The striking feature of these loss curves is their unusually broad peaks. 
The dielectric constant curves are also flat, The nature of these curves indicates 
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the effects of dihiributed relaxation time in a greater degree. From Fig. 4 it 
may a so e seoji t lat the region of dispersion spreads ovc^r at least, 5 l(» 6 decades 



rcMP “r 


Fig- i 



Fig. 2. 


of frequency. The Cole and Cole diagram for this resin is shown in Fig. 6. Although 
the experimental curve is a circular arc its centre lies considerably below the 
abscissa signifying a wide distribution of relaxation times. The value of the 
distribution factor h calculated from the diagj’arn is 0.69 compared to 0.52 for 
ester gum. The vs log///^ curve in Fig. 7 also reveals this high degree of 

distribution. 
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We may Jiow calculate the value of the radius of the rotating unit m this 
roaiii from the relaxation time at the temiierature of a loss-maximum and its melt 
viscosity at that temperature 

The molt viscosity of copal ester was determined in the same way as in the 
case of other resins. The results are shown in Table I and the graph of log tj 
against IJT is shown in Fig. 8. 
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TABLE I 

ViBcosity — ^temperature data 


Temporaturo 

1-X10» 

Visoosity 

V 

in jirnae 

log V 

f’C 

T'K 

no 

383 

2 on 

10,030 

4.2208 

iir> 

388 

2.677 

8,710 

3.9400 

120 

303 

2.645 

4,480 

3.0613 

126 

308 

2 513 

2,400 

3 3802 

130 

403 

2 481 

1,320 

3 1205 

136 

408 

2.451 

080 

2 8325 

140 

413 

2.421 

420 

2 6232 

146 

418 

2 302 

200 

2 4150 

160 

423 

2 304 

100 

2.2041 


Eor ('omiiaring ihc‘ iniornal friction involvecl in viscosity and rosistivity, 
the curve of log p plotted against 1 IT is incorporated in the same figure, llesisti- 
VI ty and conductivity data arc given in Table IT. 


TABLE IT 

13. C. conductivity or resistivity— temperature data 


Tomporftturo 

t°C T°K 

- ~ xios 

Oonchiol-ivity 

k 

in mho om-i 

Bosistiviiy 

P 

in ohm cm 

log P 

no 

383 

2.611 

0.152x10-1“ 

6 675x101 a 

13.8179 

120 

393 

2.545 

0.476x10-1“ „ 

2 104x101“ 

13 3231 

130 ' 

^403 

2 481 

0.]40xlO"i-» 

0.837X1012 

12 8349 

140 

413 

2 421 

0.437x10,-12 

2 289Xl0i2 

12.3595 

160 I 

423 

2.364 

0 . 112 xl 0 "ii 

8.940X1011 

11.9513 

1 

160 i 
»— 

433 

2 309 

0.284x10-11 

3.525 X 1011 i ' 

11.6471 


The slopes of both the viscosity end resistivity curves are identical signi- 
fying that the same energy of activation is involved in both the processes. M - 
in the c^se of oster gum (Sen and Bhattacharya. 1957) a transition point is also 
seen in tliis resin near about I30“C. The slopes of both the viscosity and resisti- 
vity curves change abruptly at this temperature in a similar way sigmfymg some 
change of state at this temperatue, 
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The radiuB of the rotating unit ia computed using Debye’s equations and 
the results are shown in Table III. 


TABLE III 

Calculated relaxation time and radius of the rotator 


Frequency 
in kc/fi 

Lobs maximum 
tomperaiuro 
tm in “C 

Relaxation 

time T 

m BOO. 

log 1? 

at. tm 

Radius of the 

rotator 

a in A 

10 

110 

1.424x10-6 

4.22 

1.53 

50 

121 

2.859X10-0 

3.00 

1 . 4.5 

1 

100 

127 

1 . 434 X lO-O 

3.26 

1 .50 1 

300 

13.5 

4 808x10-7 

2 82 

1 4« \ 


The chemical composition of manila copal has been studied by various worker's 
and according to them it consists of several acids. According to Tschireh and 
Koch (1902) the major constituents of manila copal (comprising about 75% of 
the total) are two isomeric forms of mancopalic acid, viz., a and ^-maiicopalic 
acid having the chemical formula CibH„COOH. Other constituent acids 
have more or less similar chemical formula. Therefore, glycserol esters of these 
acids should — even on a moderate estimate, bo big molecules — much bigger 
than the values shown in Table III. Therefore, rotation of the entile molecule 
seems improbable in this resin also. A segment or a part of the molecule or some 
groups attached to it may be the actual rotator hero. 
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Dielectric Properties of Copal Ester 

' The values of the radii obtained are the same as lu the case of ester guin, 
viz., that ot a hydroxyl group. The presence of hydroxyl groups in ester gum 
has been conclusively proved and they can be explained as duo to the presence 
of mono- and di-glycerides formed during the estorification of rosin with glycerol. 
In copal ester also the presence of hydroxyl groups can be similarly expected. 
But this view can be justified if thoir presence can be similarly demonstrated on 
the basis of other evidences. 

From the infrared absorption curve shown in Fig. {) it may be seen that an 
absorption jicak occurs at the wavelength of 2.78// signifying the presence of 
hydroxyl groups also in this resin as in the case of ester gum. 
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THE LIFETIME OF HYPERFRAGMENTS* 

G. C. DEKA 

Department op Physios, Cotton College, Gauhati 
{Heceived, May 10,1 960) 

ABSTRACT. Availfl}>lo data on the time of flight of hyi)orfragmoiitft have been used 
to deduce a lifetime for light hypernuclei, and the vrduc thus obtained is diacuased. 

During recent years a large number of nuclear fragments, so-called hyper- 
fragments (HF) which contain a A° hyperon have been observed in nuclear etnul- 
,sion8 and their proper analysis has also been made. Along with other propeVties 
the A° hyperon binding energy of moat of the low charged (.^<3) HFs have hcon 
measured. An extensive search on the suhjeot was also made by the autlfior 
(Thesis 1959), and the results have boon published in Nuovo Ciinento (1959). 
A detailed survey of the available data was reported by Levi-Retti et al. (195^1). 
An iiitorostiug aspect of the subject which ia not yet attempted by any previous 
worker is the measuromont of the lifetime of such HFs and a comparison with 
that of a free A° hyperon decay. The latter is however fairly well known from 
different chamber experiments. Several authors using statistical procedures 
have estimated the moan lifetime of the free A° particle. A value reported by 
Blumenfield at al. (1966) is 2.8 i .4 . 10“^® sec obtained on the haaieTof 65 events 
observed in a 36" multiplate cloud chamber exposed to a Tr-mesou beam at Brook- 
haven. A recent value quoted by Raman (1960) in his hook is 2.6 ± -16 . 10“^“ 
sec which includes data upto 1959. 

Wlien measuring the lifetime of HFs there are a number of experimental 
difficulties e.g. 

i) Most of the HFs decay at rest permitting thereby only the measure of 
moderation time which is a lower estimate of the moan life. 

ii) Decays in flight which yield information about the mean life are difficult 
to detect and identify due to the similar events recorded in emulsions. 

iii) Non mesonie decays are very often missed in observations. 

iv) Heavy HFs, which are usually short evaporation tracks, cannot be 
identified nor tlieir velocity at production can he calculated. 

The experiments made and the procedures adopted by the author are briefly 
as follows : 

*Tbo preliininary result of tliia paper was reported in ihe Cosmic Ray symposinm held 
at Ahmedabad, 1660. 
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The Lifetime of Hyperfragments 

A stack of Ilford 05 emulsions exposed to an intense beam of 4.5 BeV tt" 
iiicsons from Berkeley Bovatron was area S(;anned under low' magnifieation. All 
double stars which may be possible HFs were picked up. Another slack of ls.5 
ouiulaions exposed to a beam of 300MeV/c K --mesons from the same machine 
\ras line scanned for double stars, All the secondary particles omitted from the 
second stars were followed to their ends, and their energy and inomctuin were 
determined from the ^ observed ranges. 

Out of 51,000 piotL interactions 98 double stars and of 1300 Yir interactions at 
rest 61 double stars were picked np and analysed by apxilyiug a few scloction 
criteria in order to minimise the bias, atiHing out of similar events liVte nuclear 
colliBions, captures of negativel]^ charged particles and chance coincidcueeB. 

The intorcounocting track of every star %va8 closely oxamiuod for its multiple 
scatterings and the thinning down near the second star, the features wliich usually 
indicate the stopping of a particle. For a flat interconuector oi range p: 
it may be yiossiblo to exclude 7t~ meson-capture, as the high multiiilc Bcatterings 
of such a track is distinctive. In a very few cases the charge Z of tiie HF could 
also be determined from 5-ray observation or by profile measurements on the 
tracks. The non luosoiuc decays iii ilight of heavy B Fs were indicated by the 
presence of 5-ray8 closed to the second star. Sometimes the mass of a long ranged 
HF can bo determined from multiple scattoiiiigs by a constant sagitta methoil. 
To define a HF decay the information from the detailed analysis of the scoond 
star was taken. A HF which decays into tw'o charged particleB producing two 
collinear tracks or. into three charged particles producing throe co-planar tracks 
could bo uniquely defined. Others, for which arc obtained a sensible A-bmding 
energy wken the unbalanced momentum is given to one neutron only, arc also 
considered to be nearly unique. Besides, there are a number of events which 
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Tho time of flight or the moderation time of the well defined HFs are deter- 
mined from their observed range by using the recent range-energy relations 
given by Barkas (1957). 

Two HF decays in flight have been reproduced in Figs, 1 and 2, 



Fig. 2. Bio’ll — ^hypomuolous ejected from a 4.5 BoN •jr~ meson 
decaying in flight mto Hc^+p + n (2). 

The available data has been listed in the Tables T and TT 


TABLE I 

Events observed by the author 



nVti 

No. of events observed 

Total time of flight 
m 10"' 0 sec. 

At rest 

In flight 

Mesunic 

\ HI 

4 

1 

0.64 

decays 1 

! 




1 

He4 

4 


0.07 


HeB 

6 


1.60 


Lii 

X 


0.04 


Bo8 

1 


0.07 

Non-niesonio 

He* 

, 


0.08 

decays 






Lifl’T 


1 

O.IK 


Bio’ll 


1 

0.03 
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TABLE n 


Events observed by other authors 



HFs 

Time of flight 
m 10-10 sec. 

licforonoo 


Ha (f) 

1.30 

Fried 'andev et al., 1950. 


H3 u 

0 06 

Filjpkiwski, et al.t 1958. 


m 

0.22 

-do- 


Ho-* „ 

0 77 

F,.Avler and /Tansen, 1956. 



I 10 

Cloml (.’fhaniber oxpt. 


He4 „ 

6 00 

^do— 

MoBonio 1 

Ha „ 

0.02 

Boronaon, et al., 1956. 

dooaya j 

He* „ 

r,.40 

Sorrel, et al., lOri.'i. 

1 

H'* (r) 

1.30 

Caatognolj, ct at., 195r». 


Ha „ 

0.4.5 

Hi-rman Yagodo-IOOG. 


Ha „ 

0 15 

Iinaoda, ct al., 1958. 


Ha „ 

0 15 

-do- 


Ha „ 

0 22 

-do- 


Hos „ 

0 50 

Hill, et al.p 1956. 


Lit „ 

1 00 

Filipkowski, e.t al., 1950. 

Non-mo8oni( 

3 (f) 

0 11 

Fry, el al., 1958. 

decays 

1 He (r) 

0 11 

Castognoli, et al., 1955. 


1 B „ 

0.76 

-do- 


Ignoring the biases against detecting decays in flight and the non inosonic 
decays, a Ulb time has been deduced from the above data. Such values are the 
following : 


(1) 2.7^0.9x10-1® sec for the mesonic decay, 

(2) 0.4±0.2x-i® Bee for the non-mesonic decay. 

This shows that there is little difference between the lifetime lor HFs decaying 
BesonicaUy and that for a free A” decay. The much lower value for the non- 
mesomo decay is uppai'ently duo to the considerably fewer events. 


It is however to remark that as the experimental materials may contain bias 
and the events cannot be selected in controlled conditions the above results 
cannot therefore be given an unambiguous physical mterpretation. It is more 
an indication of the interest to coUeet data in a w-ell controlled unbiased manner. 


5 
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IMPEDANCE MATCHING BY RE-ENTRANT STUB LINE 

G. S. SANYAL 

Institute of Tbghnolooy, Khabagfob 
{Received, August 23, 1960) 

ABSTRACT* This articlo deeoribos ft now method of matching a load to a tranamisBion 
line. This is suitable for narrow band matching when tho load V.S.W.K. is greater than 4. 

INTRODUCTION 

It ia well known, that for efficient transfer of power and for other considerations, 
a transmission line is required to be matched to the load. Tn many cases, however, 
the load presents an impedance different from the characteristic impedance of 
the transmission line necessitating some device tf) match the load to the line. 
At frequencies where lumped networks are not suitable, the devices normally 
employed for narrow band matching are stub linos, quarter- wave transformers, 
or dielectric sleeves. To these may be added a re-entrant stid) line mat(*hiug 
section as shown in Fig. 1. 


IMPUT T-JUWOTIOM 
6CHCHAT0B 


MAIN UNi 






Fig. 1. Ro-ontrant stub lino imtchmg Hool-ion uBing coaxial lino. 


Two transmission lines A and B arc comxccied in parallel to form a re-entrant 
double stub line. It will be shown that if the two line lengths I and V are appro- 
priatoly selected the impedance at the output T-junction is transformed to the 
desired value at the input junction. Tlio range of impedances at the output 
T-junction that can bo matched to the input line depends upon tho characteristic 
impedances of Ijnes A and S relative to the main line. Theoretically, by proper 
choice of the oharaeteristio impedances of lines A and B, it is possihlc to make 
the main line flat for any load V.S.W.R. at the output junction. In practice, 
however, tho case of importance will be when the characteristic impedance of 
oK the lines are identical. Only this case will, therefore, be considered. This 
consideration restricts the use of the re-entrant stub line sectioil as a matehmg 
device to load V.S.W.R. equal to or higher than 4. The analysis together with 
some experimental results are presented in this article, 

m 
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MATRIX PARAMETERS OF TRANSMISSION LINES 


The input and output currents and of a uniform, loss-less transmission 
line of length I shown in Fig. 2(a) can be expressed in terms of the corresponding 
voltages and E^, by 

f (1) 

■^2 = i Fo(^’oscc pl)Ey~j y’(,(cot ^l)E^ J 

where Fq P ( = 27r/A) are the characteristic admittance and the phase constant 
respectively of the line and A is the wavelength. 

In matrix notation Equ. (1) is written as 


J 2 ] L jTa 


—JYq cot fil j Fq cosec pi 
JYq cosec —j Fp cot /3l 

i.e., [/]-[F]x[i7] 


j^[:] 


We can, therefore, represent a given length of transmission line by a two- 
torminal pair jietwsork, shown in Fig. 2(b), inovided their admittance matrices 


if t 

jE, = E. 

il i 


Yi. 

Yfl 

Ym 

y»r 


Pig. 2(ii). Loas-loss Lranamission lino Fig. 2(b). Equivalent noiwork 
of length I and chavac- roproaentation of the 

teriatic adniittanoo Vo- ti'anainiaaion Jino. 

are identical. For the equivalent network the elements of the admittance 
are obtained from 


[r]=jTo 


— cot pi cosec yffn 

cosec ftl —cot pij 

Fii = F22 =— jiFpCot/?/ 
F J 2 F 2 j 3 F g cosec pi 


-f 

^'PU ~L Y,, F22^ 


Let us now consider the two lines A and B, one (^) of length I and the other 
(J5) of length l\ each of characteristic admittance Fg connected as shown in Fig. 1. 
The equivalent network representation is shown in Fig. 3 where the unprimed 
quantities refer to line A and the primed quantities to line B. 
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The resultant [ T ] matrix of the parallel oomhinaiiou of the two networks 
is thus from Equ, (3). 



Hg. 3. Equivalent network ropresontation of tlxo ro-eutrant stub lin 
Resultant [ r ] ^= 1 . | 




L 1^21+ y'a 1^22+ rj 
“(oot y?/^cot fiV) (oosoc fil-\-oosoc jH’)" 

(cosec /??+coKec flV) —(col /?^-fcot pV)\ 


The matrix representation (4) now leads us to a single equivalent network 
of the re-entrant stub line section as far as the input (terminals a—h) and output 
(terminals c— d) are concerned. This is shown in Fig. 4. 


o— w/ 

WW i ^ 

1 

1 ll>2 

.>* I 



1 ll>= 

l>S> T 

IlJ 

lA 


F-ig. 4. Resultant network conQguration of the ro-entrant stub lino. 

Ill the above representation, 

“ ^22 = ^22+ ^^22 
— -'jT‘o(oot /?^+cot pV)\ 

^ ... ( 6 ) 

Yi 2 = (ri2-i-r',2) = (r2i+ 

= j Fo(coBec /ffi+ cosec fiV) 

If the value of the load admittance at c~d is Yjj — —{IjtlEji), it is easy to show 
that the input admittance at a— 6 looking into the terminals is 


(8) 
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impedance matching 

We now propose to show that for lying within a certain range defined later, 
it is possible to make == To by appropriate choice of the lengths of the lines 
A and B, The condition roquirejd for matching Ffn = 5^o+j(^)* desired 
line lengths 0{=-fil) and are then obtained from Eq (5) and (6) and are 

governed by the following [two simaltaneous equations : 

grjj(cosec (J-j-cosec 0')® =? 0+cot.0'^)® 1 

y ... ( 7 ) 

^cot ^^(co sec g+c osec 6')^ ^ (9+cot 6' I 

“■‘^/+T6it+oot^-Fcot^0" J , 

where g'n— = ^«/^o = \ 



Fig, 6. Smith chart showing the range of impedance (shaded region) that 
can bo matched. 

* ^ ^'inn yields 

Equ. (7) on simplific^i^ 

^4-cot O ' ~ a 1 
, cosec 0+oosec O' = ±b J 



whet« 
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® = '‘atoa-l) 

*> = VffSi+^l 


The Bolutiona of Equ. (8) are ; 


(i) cot^ = — 4«i), 


(ii) cot?-=i (daihVV “ cot ^ 


y ... ( 9 ) 


'where — {h~{-a)l{b~a), — 1/ci 

dj — a+i, ^2 = 0- -/>. 

It can be easily shown that solutions for 0 and 6' may also be obtained from 
the alternative forma of Eq. (8) given below in Eq. (10) and (11) . 


... ( 10 ) 


... ( 11 ) 


j^2 ^2 \ 

and an identical equation for cosoc d . 

^ / 6® h^-a^ \ _ ft 

cot^ d—<t cot 0+ ^ ^ j 

and an identical equation for cot0'. 

Physically reaUsable solutions for 6 and O' are obtained provided the inequa- 
Utv a +bJI(gs-l) > 4 is satisfied. The range of yj, where it is possible to go 
sn impedance match is thus shown by the shaded region in the Smith charM 
It wo^d be seen that whenever load V.S.W.B. > 4, an impedance match at the 
input r junction can always be obtained by locating the putput T-jnnotion at any 
appropriate point inside the shaded region. 

A similar analysis for the case when the charaeteristie 
A and £ a«. each half the input and output lines, shows that all load V.S.W.B 

can be matched. 


V. S. W, K. IN BACH LINE 

output adraittances Uo terminating the 


The normalised values of the 
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Uties A and B respectively (see Fig. 3), are dependent upon the line lengths and 
the load admittance and are given by 

— ”■(^2/^2) 

= 22) ""^222/ 12 

y'li+y'u 

_ y ji cosec 6~ j cosec d cot 6'-\-j cot 6 cosec 0* 
cosec ^-fcosec d’ 


?/bo 

= yi2'(yji+y22)-y22'yi 2 
2/12+2/12' 

_ yjj cosoc 0'— j co sec O' cot cot 0* cosec 0 
cosec cosec 6* 



In the above all admittances denoted by lower case symbols are iiovmalisod with 
respect to Fq. 

Once the complex values of Vbq obtained from Egns. (12) and (13), 

the reflection coefficients F^q output ends of lines A and B res- 

pectively are readily determined. Thus 

r^o = (i-yWAi+s'jo) -j 

[ ' (14) 

rao = (I'^s'WAi+s/flo) _ 

The V.S.W.R.’s set up in each line are then : 

= (1+ ir^oDrtl-ir^ol) lorlineJ-j 

1 ... (15) 

Pb = (1+ I Tiiol )/(l- IPjol ) for line B 3 

SPECIAL CASE OP’ RESISTIVE LOADS (ffji > 4) 

Let us consider the case when the load V.S.W.R. >4. If now the load 
presented at the output T-junction is resistive, = 0 and = i/jiO 4). For 
such a situation, assumed to be brought about by proper location of the matching 
device along the load side of the transmission line, Eqns. (8), (12) to (16) are very 
much simplified and are respectively given below : 

cot 61-1- cot 6^' = 0 

cosec 0+ cosec 0' = ±6 

whence = w 

-- cosec V 



481 


Impedance Matching by ^e~enirant Stub Line 

2/40 = (9'ii/2)+j cot 0 1 

2/jo — {0rI^)~3 cot 6 J 

1^40 = ^Bo — [(l/ii — 3)/(9 ^ji+5)]^ 

Pa — Pb — {V9r-\-^ 4~ V9r^‘^)I{V9r-\'^— VOr'^'^) 

The last one shows that when the load V.S.W.R. > > 5, and pjj are each approxi- 
mately half the load V.S.W.i2. 

E X P E B I M E N T A L V E R I F I C A T ] O N 

Three re-entrant line matching sections were made with two JZ'-junctions and 
lengths of rigid air dielectric coaxial lines (outer 5/8" 01) x wall tubing and 
iimcr 0.244" dia) of cliaracleristic impedance 50 ohms having the following elec- 
trical lengths ; 


(i) I = 26.34 cm, V — 99.90 cm 

(ii) I — 16.34 cm, V — 89.90 cm. 

(iii) I = 15.04 cm, V — 89.90 cm 

Calculated iDorformaiices of each ol these when the output !Z'-junction is 

placed at a voltage minimum (resistive load) show that the input should be matched 
at 


(i) A = 252.48 cm, frequency = 118.82 Mc/s 
when load V.S.W.R. = 10.75, ile., <7^ = 

(li) A == 212.48 cm, freciuoncy = 141.19 Mc/s 
when load V..S.W.R. - 18.51, i.c., = 18.51 

(iii) A -= 209.88 cm, frequency ^ 142.94 Mc/s 
When load V.S.W.R. = 21.13, i.c., gjt — 21.13 

Measurement of admittam^c at the input T-iunctiou with an U.H.F. Admit- 
tance Meter (General Radio Co., tyiie 1602B) showed prefeet agreement m each 
case within the accuracy of the instrument. 
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SOME STUDIES ON THE SPREAD-F, DOUBLE-F AND 
FORKED-F TRACES AS OBSERVED AT 
HARINGHATA (CALCUTTA) 

H. N. DATTA 

IKSTIT0TE OE KADlOPHYSiCB AND ElECTIIONICS, UniVEIISITY Oli* CALCUTTA, Ca10UTTA-9 
(iiecemr/, August 19, 1960) 

ABSTRACT. The papof doala with the occurrence und origin of the Spread -E phenoiiiona 
including ‘double’ and ‘forked’ F-traoes. From t-he epread-F records and from the tlieoretijcaJ 
relation of the sproad*F index with the critielcal frequency and the velocity of irregularities, 
it is found that the percentage of occurrence of apread-F de]3ends both on the electron density 
and the velocity of the irregularities. The night-time appearance of tliis plienomendn 
and its sharp decreaao at sunrise lend support to this conclusion. 

INTRODUCTION 

Irregular and diffuse rolleeiions from the night-time F layei*,^ commonly 
known as the spread-i’ or i^-scatter phenomena, have received considerable 
attention in recent years particularly in relation to its diurnal and seasonal varia- 
tions and its dependence on magnetic activities. In this paper, a study oi the 
the sproad-F phenomena has been made from the h'-f records ol Haringhata 
(Geomag. lat. 12.5"K, long. 88“3rE, lat. 22°56'N) for low sunspot years 1955-56, 
and the characteristics obtained at this latitude arc compared with those reported 
from other places. Theoretical coiisideJ'ation on the origin of spread-F and its 
relation with F., region irrogularities have been examined. 

The study of the observed characteristics includes diurnal and seasonal 
variations of the nature and occurrences of spread -F in different seaBoiis and on 
magnetically quiet and disturbed days. An index ol scale zero to three as sug- 
gested b}^ Briggs (1957) has been followed for indicating the degree of spreading 
(scale zero refering to normal trace and scales one, two and three to the weak, 
medium and intense types of scattering respectively). The relations between 
y'gFg with the occurrence of spread-F and its latitude variation have also been 
discussed. A study of the nature and occurrences of douBle-F and forked-F 
traces has been made, as, both the said traces are usually found to precede or 
follow the scattering phenomena. According to Briggs (1957), the spread in 
critical frequency is due to the presence of the ionospheric irregularities in the F 
region and according to Voge (1955) these irregularities are dependent on the velo- 
cities. It is shown that if account is taken of both these 1 1< ctors, that is, when 
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the velocity term is included in the expression h)r the spread in critical frot{uency, 
the characteristics of the diurnal and seasonal variations arc bettor understood. 
CHABACT ERISTICS OF THE SPREAD -F PHENOMENON 

The night-time F echoes in the ionograms, leaving aside the simple traces 
can be classified broadly into three types : (a) Sju'ead-i", (b) Double-^P and (c) 
Forked- traces (Fig. 1). 





Fig. 1. Typical h'-f record obtained ot Haringnota showing 

(a) Spread-F, 

(b) Donble-F, 

and (o) Forked-F traces, 
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(a) Spread‘F trace ; This is a thiokeuiug and diffusiveness of both the 
0 and X components of the regular J’-echoes which become more marked near 
the critical frequencies. Appearing at any part of the night, usually some time 
after sunset, it becomes more prominent with the progress of the night and decays 
sharply at sunrise. During the same night the variation in the degree of the spread 
may pass through one or two peaks. The spread also exhibits seasonal variations 
in the frequency of occurrence. There is a general agreement in the diurnal 
variations in the degree of spread 4>btaine(lAt differelxt stations, but the seasonal 
variations as reported from different places appear to be different. Trom the 
analysis of data done by Reber (1964), Briggs (1966), Kasuya et al. (1966), Wells 
(1954), Dagg (1957), Wright et al. (1966) and Lyon et al. (1968), it is found that 
leaving aside the auroral type of spreading, the characteristics of spread-J* arej of 
two typos, namely, (i) middle or temperate lattitude type and (ii) low latitude \or 
equatorial type. The occurrences of temperate latitude type of spreading haVe 
a tendency to increase during winter whereas those of equatorial type increaii^D 
during summer in low sunspot years. McNicol and Bowman (1967), after examine 
ing the data for a number of stations, observed that a reasonable smooth distri- 
bution of occurrences of sproad-i?’ exists in the range of geomagnetic latitudes 
between 20“iV or S and 45®N or S, and that the existence of equatorial type is 
comparatively small. No suggestion for tlie change over latitude from equa- 
torial to temperate latitude type of spreading has been given there. Lyon et al. 
(1968) from a study of spread- and magnetic activity suggested, from the results 
of two stations, Karoaia and Johanosburg, situated at the temperate ‘latitudes, 
that the transition from equatorial to temperate type of spreading is at some 
latitude between these two stations and at about 20°S (Geo. lat.) of 35°S (Geomag. 
lat.). Recently Kotadia (1959) after examining the data of some northern stations 
has suggested the change over latitude to be-at 31.2°N (Geo. lat.). But the suggested 
bolt for the types of spfeading Cannot explain the non-se’asonal variation 
of the occurrence of spread-.?’ at Washington (60.3°N Geomag. lat.) and at 
Rarotonga (21.7‘’S Geomag. lat.). In our case, however, it is found that 
percentage of occurrence of spread- traces, of all the three degrees, is more 
marked in summer than in winter and is minimum during the Miimnal equinox. 
The observational results are depicted in Figs. 2(a), (b), (c) and (d). 

Hourly per cent counts of spread-F occurrence have been made separately 
for the magnetically quiet and disturbed days from the Haringhatd data for the 
summer season in the low sunspot year 1956-66. Variations of the comits are shown 
in Fig. 3 . It will be seen that percentage of occurrences is higher on the magnetically 
cally quiet than on the disturbed days. Similar effect, i.e., decreased scatter with 
increased magnetic activity, has been observed for summer at Ibadan (Geomag. 
lat. 10.4°N), Kodaikanal (Gcomag. lat. o.6°N), Singapore (Geomag. lat, lO^S) 
and Ahmedabad (Geomag. lat. 13,6°N). 
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Some anomalies also exist regarding ilu* oct'iirreiico of spread cohoes in 
relation to I^ohcr (1954) at Hawaii found a clear inverse correlation, 

whereas Dagg (1957) did not find it as clearly at Slough. The mght-tiino 
and its association with spreading phenomena has been studied for Hariughata. 
The critical frequencies arc grouped as shown in Table I and in each range of 
frequencies, percentage of occurrcnceB of spread-J* has been observed. 



LMT ^ 

Fit;. 2 (a). Diurnal van ai ion of porcont count of oeourroncoH of Hpvoad-F m Bummor. 
weak. ~ medium, • •intense. 



ii B4 7^2 04 06 

L.M.T, ► 

Fig. 2 (b). Diurnal variation of percent count of Qcciu renoes Of apread-F in winter. 
woalc, medium, inteaae. 
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Fig. 2 (o). Diurnal variation of percent count of occtirrenoes of sprcnd-F, m vernal equinox . 
-weak, — medium, i i intonee. 


/ 



L.MT. ► 


Fig. 2(d). Diurnal variation of percent count of occurroncos of epread-F for Daringhata 
for the tlireo different degree in autumnal equinox. 

weak, medium, — intense. 
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Fig. :i. 



Dim'nal variation of perconb coiml of i)tJCUn'omms of Hpioufl-7'’ fot lutipnotioally q\iiot 
ami (listui'bnLl days anJ variation of hourly ui(»dian valitoH ot hflFj, ut llaringlmta. 
Heavy lino roproHcnls* mag. quiot days light lino ropreaentH mag. distuibed days 
and dashed Imo repro-sents 


TABLE 1 


Froquonoy 
rango 
in Mo's 

]^ncontage of 
oocurronoo 
of spread F 

1 5—2 0 

H4 

2 1—2 5 

80 

2.6— .1.0 

75 

1 1—3 5 

71 

3 0—4 0 

4.5 

4 2—4.5 

27 

4 '5—5.0 

30 

1— .5.5 

11 

5 G — 6 0 

2 

6 0—7.0 

' 0 

7 u— a 0 

0 


TJiti graph drawn from the above roBijJiK in tlie form of histogram (Fig. 4), shows 
that percentage of spread-jF becomes prominent as the critical frocpicncy is lowered, 
and is thus a decreasing function of I'he same conclusion can be thawn from 
Fig. 2(a), showing the nature of variation of percent count ol spread-F vdth thei 
hourly average median f^F^. The ionograins for the summer months have only 
been taken for this analysis, as, during these days the missing rccoids aro least. 

Variation of hourly median values of hpF,^ and appearance of spread-F 
at Haringhaia show that there is fairly parallel relationship between the two. 
Maximum of hpF^ coincides Avith the peak of tho Irequtuicy of oocurronce of 
spread-F (Fig. 3). The result supports those obtained by Kasuya et al. (1954) and 
BoAvman (1960) and suggests that spread-F is originated from the upper F region. 
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(b) Double F -traces and {c) Forked~F traces : Night time /i'—/ records some- 
times contain two parallel F layer traces each showing the usual magnetoionic 
splitting with some degree of spreading. These are too close to each other to 
admit of any exi)lanation in terms of multiple reflections. It is believed that the 
upper trace is due to oblique reflections from some moving folds or deformities hi 
the F region. 

Sometimes, instead of broadening, each of the two components of the F 
layer trace assumes a forked appearance near the critical frequency. 

Typical cxainjiles of double-J’ and forked-i'^ traces from our records are shown 
in Fig. 1(b) and 1(c). 



Fig. 4. Variation of porcont count of oeourrcncoH of Sproad-F with/oF 2 for siinimcr quiet 
days at Harmghatu. 

From the study of ionograms it is found that these are invariably associated 
with some degree of spreading either precedmg or followmg the simple traces. 
Moreover, the diurnal variations of then* occurrences for summer season (Fig. 5) 



Some Studies on the Spread-F, Double-F and Forked-F, etc. ^89 

follow the same pattern as that, of the spread- JP oocurrenoe. This stiggoats that 
tlie causes of spread-J. double-J’ aud forked-l*’ traces are Ukely to be the same, 
the particular picture depending probably on the size and orientation of tbe said 
iiregularitios. 



Fig. Diurnal variation of doublo-F and Ibrkoil-F iraooa for eunimer soaBons as found 
at Haringliatu. 

THEORETICAL INTERPRETATION OF OBSERVATIONAL 

RESULTS 

A considei'able amount of M'ork has been done to explain the observed 
characteristics of the Spread-J^ phenomenon. According to the present state 
of knowledge, the most prominent cause of the phenomenon ai)x)ears to be the 
irregularities which are known to exist in the electron density distribution in the 
JP region. These irregularities have been found to correlate posii/ivoly with mag- 
netic activity at high latitudes and negatively at low latitudes. According to the 
above hypothesis Spread-J’ condition should exhibit similar correlation with 
magnetic activity. This indeed is what is found from the observations of Hertz 
(1969) and Lyon et al. (1968) and also from our result. 

The effect of irregularities on the spread- F has been examined theoretically 
by Briggs. According to this author, the relation between the irregularity ^N, 
the critical frequency /q, and the spread A/^, is given by 

AAocAA/p 

Also, it has been shown by Voge (1966) that if v is the velocity with which the 

7 
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irregularity is drifted then is proportional to v^. Hence, combining the 
above relation with Voge’s proportionality 

AN ot r* 

we may write /o^/o 


or 


A/o oc ix., 
Jo 


Vi 


This shows that the night-time increase m velocities of the irregularities and simul- 
taneous decrease in electron density can intensify the degree of spreadmg. That 
the velocity changes considerably is well known from the measurement of drift 
movement by radio astronomical techniques. Drift speeds of 60 m/scc at io 
hr, 290 ra/sec at 01 hr and 170 m/sec at 05 hr, have been recorded (Maxwell, 1954^. 
Moreover, the decrease in electron density may cause the enhancement of scatter^ 
ing, for, such decrease in electron density reduces the electromagnetic damping, 
of the turbulence on which the production of the irregularities depends (Bookcj', 
1968). It has been suggested (Booker and Wells, 1938, Maxwell, 1964, Martyii, 
1956 and Dagg 1957) that the in'ogu lari tics may have their origin in the E layei 
turbulence created ir the Dynamo region at night, the turbulence effect being 
communicated to the E region by the presence of earth’s magnetic field. Tt is 
to be noted that v in the term v^jf^ varies considerably at the same place and also 
from place to place. This may explain the anomalies of the seasonal variations 
of spread-.^ occurrences at different places. Also, A/q dej3ends inversely on f^. 
This inverse dependence may perhaps be associated with the observed relation of 
JqF^ and the percentage occurrence of spread-l'’. 


CONCLUDING REMARK 

OocuiTenoe of spread-i^ is a night-time phenomenon and becomes more 
prominent at Haringhata during summer, during magnetically quiet days and 
during periods of low critical frequency. The observed results are in agreement 
with those obtained at equatorial stations like Ibandan, Singapore and Ahmedabad 
during low sunspot years. The change over latitude from the temperature type 
of spread to the equatorial type is net yet definitely knovm. Wftshington (Geomag. 
lat. 50°. SN) and Rarotonga (Geomag, lat. 21.7°jS) may lie in the change over region. 
The anomaly of clear inverse correlation of spread-^ occurrence with critieal 
frequency at different places may bo attributed to the possible fluctuations in 
the velocity of the irregularities. The ionograms, where the spread in critical 
frequency is measurable accurately (as in the case of weak spreading), may be 
used to estimate the velocity of the irregularities from the observed critical fre- 
quency and its spreadmg. 
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APPENDIX 

If p is the densiiy of air at the ionospheric region producing scattering and 
N is the number of electrons per unit volume then 

Nacp 


Hence 


N p 


For perfect gas, w'^here flinduation of temperature is negligible it can be witten 
that 


... ( 2 ) 

p P 


where p is the pressure of air at that region. 
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The variation of atmospheric temperature with height during daytime and 
night-time (Fig. 6) shows that temperature gradient at mght is comparatively 
low. So the Eqn. (2) is applicable in the ionospheric region at night. 

Now ^peev'^ (Bernouilli’s principle). 

^NoiV^ 


Day 



Fig. 0. 
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DAY TO DAY CHANGES IN THE DAILY MEAN 
INTENSITY OF COSMIC RAYS 
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ABSTRACT. Data obtained at Kndaikanal (geomag. lab. 1°K, altitude 2300 motor) 
for cosmic ray mesons and the nucleonic component are aniilysofl for tho first 12 months of 
the I.G.Y. (July lOOV-June 1958). Day to day changes of tho moan intensity and their 
relationship with geomagnetic phenomena are studied. Comparison is mode with neutron 
monitor data at Huanoayo, Ottawa and Resolute. A variation spectrum of the tyjie 
bD{E)lD[E)tQ IS obtained. 


I. INTRODUCTION 


During the I.G.Y. period, several workers in the world have operated cosmic 
ray meson telescopes and neutron monitors on a continuous basis. Tho Physical 
Research Laboratory, Ahmedabad, India, also participated in this effort and 
contributed data for neutron monitors and cubical meson telescopes for the 
stations at Ahmodabad and Kodaikanal. Besides those iiistrumeuts, a narrow 
angle telescope of semi-angles 10*’ in the E-W plane and 20 in the N^S plane 
was also operated at Kodaikanal during the I.G.Y. period. Since inoson teles- 
copes and neutron monitors at different latitudes and altitudes have different 
energy responses to the primary cosmic ray intensity, a comparison of data from 
those gives an idea about tho energy depondonce of cosmic ray variations. 

In this communication wo have described tho results of an analysis of results 
obtained with five different cosmic ray measuring instruments. Details of those 
are given in Table I. 

TABLE I 

Details of tho stations 


Instrument 


Meson telescope 
(10°X20“) 
Neutron pile 


fr 




Goomagnotio 

Cut off 

Situation 

Alt. 

(met.) 

Lat. 

Long. 

onorgioB 

(BeV) 

Kodaikanal 

2343 

r 

147” 

16 

Kodaikanal 

2343 

r 

147” 

16 

Huanoayo 

3400 

-1" 

364” 

13 

Ottawa 

101 

67” 

361” 

2 

Resolute 

17 

83” 

289” 

0 
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II. BNEBGY KBSPONSE OP THE VABIOUS INSTRUMENTS 

Before proceeding with an examination of the results of analysis of the data 
from the various instruments, it is advisable to get an idea of the differences in 
their energy responses . This was attempted by following Dorman’s (1957) method, 
which is outlined below : 

The number N {h) of secondary cosmic ray particles at a latitude A and at 
an atmospheric depth {h) is given by 


N^(h) = ^D{E).M(l!,h)dE ... (1) 

where D{K) represents the primary energy spectrum at the top of the atmosphere 
and M{E, h) is the “muHiplity function” which gives the number of secondiiry 
particles produced by a primary particle of energy E. The lower limit of inite- 
gration is the minimum (critical) energy for arrival of primary cosmic rays 
in the vertical direction at latitude A. 

Dividing Eq. (1) by Ny^{h) and multiplying by 100, we got 


eo a» 

100% = 100 f D(E ) M(E, h)d E = f W{E, h)dE ,,, 

e[’ ’ 

where W{E, h) represents the percentage contribution to the secondary component 
at depth h, due to primaries of energy E. W{E, h) is known as the “coupling 
constant”. A knowledge of its functional relationship with E is necessary to get 
an idea of the energy response of any particular instrument. W involves the 
product of the primary energy spectrum D{E) and the multiplicity function 
M{E, Ji). The primary energy spectrum of cosmic ray intensity is now fairly 
well established. But the multiplicity function M{E, h) is difficult to calculate 
theoretically because of many complex processes involved in the interactions of 
primary cosmic ray particles with air nuclei. Dorman (1957) has pointed out tliat 
the coupling constants W can also be evaluated from a knowledge of the latitutde 
dependance of cosmic ray intensity, as follows : 

Differentiating (1) partially with respect to E^, we get 




= -dEx’ .W^(E,h) 



It is clear, therefore, that 'W{Ey h) is directly related to the latitude effect of the 
secondary compoiient observed at a depth h. Since the latitude effects of the 
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various secondary components have been precisely obtained experimentally, 
the coupling constants W{E, h) can be easily calculated for energies between 0 
and 16 BeV wliich is the maximum vertical cut-off energy (at A — 0). 
higher energies, Dorman suggests extrapolation methods viiich are based partly 
on experimental results and partly on theoretical considerations. 

The coupling constants W{E, h) arc different for different secondary compo- 
nents and for different altitudes and latitudes and have beccti t‘alculated by Dorman 
from experimental latitude effect data. Fig. 1 gives the coupling constants as 
percentage per BeV for the various secondaiy coinponoiits mentioned in Table I. 
Since the latitude dependence of the meson component at the altitude of Kodai- 
kanal is not known, the coupling constants for the same arc obtained by averag- 
ing the coupling constants for Ion-chamber measurements at 10 Km altitude and 
hard component measurements at sea-level. 



Fig. 1. Coupling ooMtonl W (poicentngo per BeV) for vttiious socondory componenta. 

A-aesoluto neutrons. B-OtUwa noulrons. C-Huonenyo noutrons, D-Kod»iUonnl 
nsutrons. E-Kodnikraiol mosono. All plots ttro normalisod to givo fW'.dlS = 100. 


Knowing the value of W for all energies between E and oo, it should be pos- 
sible to calculate the mean energies to which the various instruments respond. 
A statistical method of obtaining the same would be to calculate moan energy 
j^by the formula 


90 

j W{E) .E.dE 


E =- 




(4) 


I W{E) 


dE 




, . At. j .a rvc Ttnt succeed for any of the curves given in Fig. 1 
roason. For high emergies, the plots in Fig. 1 elm Be 
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approximated to a relation of the type W = However, the values of v 

are all loss than 2 whereas the integral in the numerator of Eq. (4) is convergent 
only if V > 2. Hence, Eq. (4) does not yield finite values for the mean 
energy E. 

Eonger et al. (1953) have avoided this difficulty by assuming an arbitrary 
definition of mean energy E as, 


1 

l-^E 


"f W{E ) . dE 

j l+E 

El 


j W{E)dE 

El 


... ( 5 ) 


Using this formula, the mean energies for the various secondary components 
referred to in Table I would bo as follows: \ 


Kodaikanal meson 

54 BeV 

Kodaikanal neutron 

34 „ 

Huancayo „ 

34 „ 

Ottawa „ 

12 .. 

Resolute „ 

11.5 „ 


One may also view the energy response qualitatively by calculating the 
percentage of particles contributed by primaries confined to an energy range 
0 to i? for various values of E. Fig. 2 gives the percentages for the various 
secondary components. 



Fig. 2. Foroentage of secondary particles contributed by primaries of energies below E* 
Symbols A, B, C, D & E have the same meaning as in Fig. 1. 

It can be seen from Pig. 2 that for the neutron monitors at Ottawa and 
Resolute, almost 50% of the secondaries are due to primary energies between 




Day to Day Changes in the Daily Mean Intensity, etc. 497 

0 to 16 BeV while for the nucleonic component at Huainsayo and Kodaikanal 
the correspondmg energy range is 15 to 35 BoV. For Kodaikanal meson inten- 
sity, the range is still higher viz. 15 to 75 BeV. 

m. DAILY MEAN INTENSITY OF COSMIC RAYS 

The daily mean intensities of the nucleonic component and meson component 
of cosmic ray intensity at the various places corrected for barometric effect only 
are plotted in Fig. 3 for the period July 1957 to June 1958. The daily means 
of JEf, the horizontal component of earths magnetic field at Kodaikanal, are also 
plotted. 


I I I I r I I ' ' I I ' I I ■ ' 










Pig. 3. Plot of daily mean intensities. Symbol. A, B, C. D, E aro a. in Fig. 1. H represonU 
tho horizontal component of earths magnotio field at Kodaikanal. . 


It can bo seen from Fig. 3 that the drnly mean intensity shows large fluctuations 
during the period under consideration. Variations as high as 6% at the equa- 
torial stations and 10% or more at high latitude stations are observed frequently. 
Many of the sharp minima indicate Forbush type decreases. 

To find out the extent to which these variations are simultaneous at the 
various stations, correlation coeflicionta are calculated for the various pairs. They 
are given in Table II. 

It can be seen from Table II that 

(al Kodaikanal neutrons and Huancayo neutrons are very highly correlated 
with each other but not so much with either Kodaikanal mesons or 
Ottawa and Kesolute neutrons. 
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TABLE II 

Correlation coefficients between the various components 



Kodaikanal 

meson 

Kodaikanal 

neutron 

Huancayo 

noutron 

Ottawa 

neutron 

Resolute 

neutron 

Kodaikanal meBon 

1.00 

0.68 

0.70 

0.70 

0.60 

Kodaikanal neutron 

0.68 

l.OO 

0 91 

0.73 

0.66 

Huancayo neutron 

0.70 

0.91 

1.00 

0.86 

0.7l 

Ottawa neutron 

0.70 

0.73 

0 86 

1.00 

0.97 

RcBoluto neutron 

0.69 

0.66 

0.71 

0.97 

1.00 


(b) Ottawa and Resolute neutrons are very highly correlated with each other. 
It seems, therefore, that the mean intensity variations are broadly parallel 
at all the stations indicating a world wide nature of the variations, but there are 
differences also between stations at different latitudes as also between mesons and 
nucleonic component. It is also observed that the average ranges of the variations 
for Blodaikanal neutron and Huancayo neutron are about the same, while the ranges 
of neutron intensity at Ottawa and Resolute are more than twicet hose at Kodai- 
kanal or Huancayo. Kodaikanal meson intensity has a range somewhat lesser 
than Kodaikanal neutron intensity. This indicates a strong energy dependence 
whore lower energies have larger variations. 

It must bo noted, however, that the meson intensity is not corrected for 
upper air temperature effect and is not, therefore, directly comparable tb the 
neutron intensities. The lower correlation between neutron and meson inten- 
sities could be due to this fact. Unfortunately, upper air radio-sonde data for 
Kodaikanal are not available and hence it is not possible to estimate and correct 
for the upper air temperature effect at Kodaikanal. 

TV. RECURRENCE TENDENCIES IN THE DAILY MEAN 
INTENSITY VARIATIONS 

To study the recurrence tendencies in the daily mean intensity, the days on 
which Ottawa neutron intensity showed maxima and minima were chosen as 
epoch days and Chree diagrams were drawn for the various intensities for n — —60 
to +60 about the epoch day n ~ 0. These are shown in Fig. 4, 

Fig. 4(a) and 4(b) refer to Ottawa neutron intensity maxima and minima 
respectively as epochs. It will be seen that there is a 27-day recurrence tendency 
for both the maxima and minima. Chree diagram for H, the horizontal component 
of earths magnetic field at Kodaikanal is also plotted in Fig. 4. It will be seen from 
Fig. 4(b) that H has a minimum at w — 0 which means that on cosmic ray 
minima days, value of H is also minimum. However, the magnitude of the 
mijiimum in P is rather small (~70 gamma). This is discussed further in 
SeotuoT V. 
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Fig. 4. Chree diagrams of daily mean mtonsities of cosmio rays and eartli^s magnetic field 
for Ottawa neutron intonsity (a) Maxima and (b) Minima as opocli days, 

A-Ottawa neutron, B-Kesoluto neutron, 0-Huancayo neutron, D>Kodaikanal neutron, 
E = Kodailcanai meson, P = Horizontal component of earths inagnotio field. 

V. RELATIONSHir WITH GEOMAGNETIC DISTURBANCES 

As a measure of the geomagnetic disturbance of any particular day, a character 
figure Cp is evolved, wliich takes into account deviations from averages of the 



•-OAVS 

Pig. 6. Chree diagrams of daily mean intensities of cosmic rays and earths magnetic field for 
Cp maxima as epoch days. A*High latitude neutrons, B -Equator neutrons, C-Equa- 
tor mesons, D-Horizontal component of earths magnetic field, E-Cji values. 
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variations in the various magnetic elements at several locations all round the 
world. Values of Cp range from 0 to about 2.0 To study the relationship 
between Cp and cosmic ray variations, days of maxima of Gp values were chosen 
as epoch days and Chree diagrams ’.vere drawn for the daily mean intensity of 
cosmic rays. These are shown in Fig. 5. 

It seems that Cp maxima are followed witliin a day or two by cosmic ray 
minima. This is in agreement with earlier observations of similar nature by 
workers elsewhere (e.g. Simpson 1954). 

However, it is found that the changes in the mean cosmic ray intensity asso- 
ciated with Cj, maxima are not very large. Thus, the changes at equator are of 
the order of 1% only whereas it is seen from Fig. 1, that the mean intensity varia- 
tions are sometimes as large as 6% for equatorial stations. It is obvious, therefore, 
that there is no one-to-one relationship between G^ maxima and cosmic ray minima. 
Apart from the possibility that some of the cosmic ray changes have apparently 
no connection with Cp maxima at all, it is also possible that all Cp maxima are 
not on the same footing so far as their effects on cosmic ray intensity are concerned. 
It is worthwhile, therefore, to see whether a criterian could be decided, upon 
which one could separate out those Gp maxima which are better related to cosmic 
ray changes than the others. In the past, attempts have been made (Sekido 
tt al, 1955) to study separately cosmic ray storms which are, and are not, asso- 
ciated with geomagnetic disturbances. However, the selection criterion there is 
the effect on cosmic ray intensity itself. We have adopted a criterion which was 
first introduced by Allen (1944), The Gp maxima are divided into 4 groups ac- 
according to whether they are preceded and/or succeeded by significant maxima 
at 27 day interval. Thus, the four groups are : — 

^roup A: Cp maxima preceded and succeeded by Cp maxima at ±27 days. 

Group B: Cp maxima succeeded by Gp maxima at H-27 days but not preced- 
°Cp+ ed at —27 days. 

Group C; Gp maxima preceded by Cp maxima at —27 days but not succeeded 
+(7/ at +27 days. 

Group D: Cp maxima having no preceding or succeeding maxima at ±27 
°Gp^ days. 

Taking Cp maxima in each group separately as epoch days, Chree diagrams 
were drawn for the various cosmic ray intensities as also for the horizontal com- 
ponent of earths magnetic field. In Table III, we have summarised the main 
features of the Chree diagrams. For comparison, the main features as revealed 
by Fig. 5 for all Gp maxima as epochs are also included in Table III. 

It is clearly seen from Table III that though all typos of Cp maxima produce 
cosmic ray mi^a at about n = 0 to +2, the magnitude of the drop in cosmic 
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ray intensity is not the same for all. Thus, and maxima which are 
characterised by either a fading or an absent recurring tendency have the largest 
effect on cosmic rays. The effect is about 1.5% at equator and 4% at high lati- 
tude for neutrons. The ratio of these two is, however, about the same for all 
types of Cp maxima. 

It seems, therefore, that Cp maxima which do not have recurring tendencies 
produce the greatest reduction in cosmic ray intensity. From the last two columns 
of Table III, it is seen that the association of all Cp maxima with characteristics 
of H variation is not the same. Thus the Gp maxima of the +0^° or ^G^ type 
show a larger range in the value of H as compared to the range due to other Gp 
maxima. 

It is now well-known that geomagnetic disturbances of the recurring type are 
associated with coronal activity and C.M.P. of weak coronal emission. On the 
other hand, the non-recurring typo disturbances are associated with S. C. type of 
magnetic storms and also with sunspot groups of complex magnetic field, and 
with C.M.P, of sunspot groups having high activity in solar radio noise. It seems, 
therefore, that cosmic ray events have a better association with phenomena of 
the latter type. 

There are, however, two major apparent discrepancies in these observations. 
They are as follows : 

(a) Through Cp maxima having little or no 27 day recurrence tendoncies 
are better associated with cosmic ray minima, the Chree diagrams for 
cosmic ray intensity minima as epochs show prominent recurrence 
tendencies as shown in Fig. 4(b). 

(b) Though the non-recurring type Cp maxima are also associated with 
S. C. type magnetic storms, there is no one-to-one relationship between 
cosmic ray storms (viz. sharp minima of cosmic ray intensity) and the 
S.C. type storm decreases of the horizontal component of earths magne- 
tic field. 

These discrepancies can, however, be understood if the following assumptions 
are made: 

(i) The recurring type geomagnetic disturvances do have some effect on 
cosinic ray intensity though the effects are not so prominent as in the 
case of effects of non-recurrent type storms. This is borne out by 
results given in Table III. 

(ii) The non-recurring type disturbance need not be assumed to be directly 
responsible for cosmic ray minima but both may have a common 
source of origin. The effects of the common source may persist longer 
in cosmic ray intensity than in geomagnetic disturbances. 
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(iii) As stated earlier, all cosmic ray intensity minima are not associated 
with minima of horizontal component of earth’s magnetic field. How- 
ever, when a Chree diagram is drawn for intensity minima of the hori- 
_ zontal component of magnetic field at Kodaikanal as epoch days, it 
is found that the cosmic ray intensity shows a prominent minimum 
on or about the epoch days and the magnitude of this minima is quite 
largo, about half of the general range of variation in cosmic ray intensity 
(Fig. 6). Thus, aU cosmic ray storms are not associated with magnetic 
storms of the S.C. type. But many of the S.C. type magnetic storms 
are associated with cosmic ray storms. This is not incompatible with 
(a) and (b) above. 
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Fig. 6. Chree diagianm of daily mean intensities of eosmio rays for minima of horuontal 
component of earth's magnetic field as epoch days. A-High latitude neutrons, 
B-Fquator neutrons, C-Equator mesons, D-Horizontal component of earth’s magne- 
tic field. 

VI. ENERGY DEPENDENCE OF THE VARIATIONS IN 
PRIMARY INTENSITY 

As has been shown so far, fluctuations as high as 6% at equator and 10-16% 
at high latitudes are observed in cosmic ray intensity. It is obvious, therefore, 
that the variations of cosmic ray intensity have energy spectra significantly 
different from the primary energy spectrum. Referring to Eq. (1), we obtain 
by differenciating partially with respect to D(E)^ 


... ( 6 ) 
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For the L.H.S., the experimental values are about 3—4% for Kodaikanal 
mesons, about 6% for Kodaikanal and Huancayo noutrons and about 10-16% 
for Ottawa and Resolute neutrons. 

It is found that a variation spectrum of the type dD(E)ID{E)ccE~^ fits the 
experimental values reasonably well. 

It should be noted, however, that sUch a spectrum fits only to the gross effects 
mentioned above. In individual events and for smaller time intervals, far too 
largo effects (100% or more) have been observed at high latitudes. The energy 
spectrum involved there should bo far more steep. Values as high as E-^ have 
been suggested (Sekido and Murakami, 1955). 

VII. CONCLUSION 

The broad conclusions of the above analysis may be summarised as follows 

(1) The daily mean intensities of cosmic rays as observed by meson telescope 
and neutron monitors at the stations of Kodaikanal, Huancayo, Ottawa 
and Resolute show large fluctuations during the period July 1957 to 
June 1958. The range of fluctuations is about 3 — 6% and 5% for 
mesons and neutrons respectively at equatorial statiojxs and 10 — 15% 
for neutrons at high latitudes. 

(2) The maxima and minima of the daily mean intensity of cosmic rays 
exhibit strong 27 -day recurrence tendencies. 

(3) An analysis with Cp maxima as epochs indicates that Cp maxima* are 
followed by cosmic ray minima with a probable lag of 1 or 2 days. 
Amongst the Cp maxima, the non-recurrent typos seem to be better 
associated with cosmic ray minima. 

(4) Cosmic ray storms are not invariably associated with magnetic storms 
but magnetic storms of the S.C. typo are many times associated with 
cosmic ray minima. 

(6) Large cosmic ray intensity decreases are world-wide in nature but their 
magnitude seems to be more than double at high latitudes as compared 
to that at equator. 

(6) The day to day variations of cosmic ray intensity are energy dependent. 
The variation spectrum dD{E)ID{E) is of the typo E~^ ^^here D{E) is 
the primary energy spectrum, 
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APPENDIX 


Epoch dates for the various Chroo diagrams 


Month 

Ottawa 

maxima 

Ottawa 

minima 

max. 

“C/ 

max. 

^Cp« 

max. 

‘’Cp+‘’ 

max. 

H 

minima 

Jul, 67 

27 





19 


Aug. 

21 

5,30 


3,6 

29 

13 


Sep. 

20 

3,14 

2 

23 

29 

4,13 

6,13, 



23,30 





23,30 

Oot. 

10 

23 


14 

21 



Nov. 

13 

27 

0,18 

7 


26 

27 

Dec. 

6,10,28 

22 

6 


11,31 

1 

31 

Jan. 68 

10 

18 

21 



18 


Feh. 

6,23 

12 


6,21 

17 

11 

11 

Mar. 

20 

16,20 



6,19 

12,26 


Apr. 

25 

30 

3,29 

17 




May 

26 

31 

14,20 



29,31 


Jun. 
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ABSTRACT. An X-ray investigation of the ailvor-cadmium system of alloys has 
been carried out to determine the phase boundaries at temperatures below SOO^C with parti- 
cular attention to the ^ -field. The presence of the P' phase, which occurs in the /3 -field at 
temperatures below 228“C has boon confirmed. The lattice parameter and structure of the 
a, P' and f phases have been detormined. An appioximate boundary of the P' phase has 
been obtained. The boundaries of the other plioses as obtained by us agree with those of 
Owen et al. The results arc discussed in the light of tho Hume-Bothery rulo and the zone- 
■thoory. 

INTRODUCTION 

. _ The equilibrium diagram of tho silver-cadmium system- of alloys, published 
in Metals Handbook (1948) is based on tho thermal and microscopical work of 
Durrant (1931, 1936). In this diagram a pliase (ordered body-centred cubic 
with CsCl type of structure) is given in the /?-field. The diagram presented by 
Owen et al. (1939) from the X-ray investigation of the system differs from that 
given' in Metals Handbook in respect of the exact position of the phase boundaries, 
though tho arrangement of tho different phases is similar. They, however, 
could not get tho /ff'-phaso at the lower temperature as their samples, according 
to them, could not be brought to a satisfactory state of equilibrium by annealing 
within a reasonable time. 

The oarUer X-ray investigations of the alloys by Astrand and Westgren 
(1928) and Natta and Ereri (1928) revealed only the p and f phases. The, only 
evidence of the P' phase from the X-ray study was given by Kosolapov and Tra- 
peznikov (1936) who studied a single 61 atomic percent cadmium alloy in a 
high temperature camera and got the P' phase at 270‘’C and f phase at 500*^0. 
Later work (Owen et al.), however, proved that the temperatures recorded by 
them were incorrect. Thus at present there is no satisfactory cdbiirmation of the 
boundaries of tbe p' phase by X-ray methods. In the present work an attempt 
has been made to determine the phase boundaries of the silver- cadmium alloys 
at temperatures below 300® C with particular attention to the /^-field where the 
p’ phase occurs. The £ to p' transformation was studied in detail by taking X-ray 

*Coiniuunicated by Prof. B. N. Srivastava. 
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powder diffraction photographs of the alloys in the high temperature camera and 
also by taking photographs of quenched specimens of the alloys. 

EXPERIMEiJTAL PROCEDURE 

X-rays are intensively used to study the equilibrium diagram of metallic 
systems and are extremely valuable for the identification of phases in alloys. They 
may be used for this puiposo even when it is not possible to index the diffraction 
lines or to solve the crystal strucsture. There are two general ways of applying 
X-rays to study the equilibrium diagrams : (a) the lattice parameter method and 
(b) the method of vanishing lines. 

(а) The lattice parameter method : 

In general the lattice parameter of pure metals changes, either decreases or 
increases, with the addition of a second metal i.o. on alloying. If the system does 
not form a continuous range of solid solutions, a break will occur in the lattice 
parameter composition curve, from which the limit of solid solubility can be 
determined. In the same way the limit of other intermediate phases, if any, can 
be established. Thus by applying this lattice parameter method the interphase 
boundaries between two phases, when they occur due to the change in composition, 
can be determined at any temperature. 

(б) The method of vanishing lines : 

If a standard film of a particular phase has been obtained, a simple visual 
examination of X-ray films is often sufficient to establish the existence of that 
particular phase in a polyphase alloy. The boundaries of the phase fields are 
determined by a method of X-ray bracketing, in which, if the diffraction lines 
due to a phase are present on one film and absent in another, the boundary is 
drawn between the temperatures or compositions to which the two films refer. 
The sensitivity of this method, however, depends on the width of the two-phase 
region and also whether the phases give rise to strong diffraction lines which do 
not overlap. In a favourable case as little as 1% of a given phase can be dotor- 
minod visually on a Dobye-Scherrer film. 

PREPARATION OF ALLOYS 

Small amounts of silver- cadmium alloys up to 68 per cent by weight of 
cadmium where prepared from spectroscopically pure metals obtained from Johnson 
Matthoy & Co., London. Accurately weighed quantities of silver and cadmium in 
the form of turnings (cleaned and dried) were taken in pyrex tubes, evacuated and 
sealed under very low pressure of helium, and heated in an electric furnace. The 
mixture was first heated for an hour at 600“C, when cadmium melted and got 
absorbed in silver by diffusion thereby lowering the melting point of silver. The 
temperature of the furnace was then raised till the alloy melted, when it waamade 
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homogeneous by shaking and quenched in water to prevent segregation and in- 
homogeneity which might occur during slow cooling. 

The prepared alloys were weighed to ensure that no loss had occurred during 
heating. The alloys were again sealed in evacuated pyrex tubes and homo- 
geui74ed at 600® C for 24 hours and then examined for homogeneity by taking 
filings from different parts of the lump. From the homogeneous lumps, powdered 
samples were prepared and taken in small pyrex tubes, evacuated and sealed. 
The tubes were suspended by means of a fine copper wire in a vertical tube furnace 
and annealed at different temperatures. The tubes could be dropped into cold 
water placed just below the furnace by opening the bottom door and cutting the 
suspension. The method yielded very efficient quenching. Specimen for the 
high temperature camera was prepared by taking the powder in thin- walled 
pyrex capillaries. 


APPARATUS 

Philips precision cameras with 67.3 and 114.6 mm diameter were used to take 
the powder photograph of the quenched alloys. High temperature X-ray photo- 
graphs were taken in Unioam 19 cm high temperature camera, which was calibrated 
by measuring the lattice spacing of pure silver up to 600®C. CuK„ radiations 
from a sealed off Philips X-ray tube were used to obtain the diffraction photo- 
graphs. 


EXPERIMENTAL RESULTS 

Powders of the silver-cadmium alloys situated within the range of composition 
from 47 to 68% by weight of cadmium were quenched from different temperatures 
and X-ray jiictures were taken. A preliminary survey shows that this region 
contained a single body-centred cubic (ordered) phase below about 228®C 
bordered on either side by double phase regions. The alloy 47* is in (a+/?') 
field below 228®C and in (a+f) above it (See Fig.l). Both the alloys 66.4 and 
68 are mixtures of /ff' ond y, a complex body-centred cubic with 62 atoms 
per unit coU, below 220°C, above which they are in vC+7) region. All the 
four alloys included between 50.8 to 63% by weight of cadmium are in the 
^'-field below about 228°C, and in the ^ phase above it. A second transforma- 
tion from ^ io (body-centred cubic with same lattice parameter as that of fi') 
was also observed with these aUoys. Thus when 61,67 alloy was-quenohed from 
460°C it yielded fi phase. The yff phase was also obtained with 61.3 alloy when 
an exposure was given at 440® C in the high temperature camera. According to 
Owen this transformation occurs at 427®C for the alloys with compositions from 
43.7 to 60% by weight of cadmium, and 446®C for the alloys from 66 to 60% 
cadmium. No attempt has been made here to redetermine this transformation 

*Alloy 47 indlcatoB an alloy with 47% by waight of oadmium. 
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temperature, but the observation on the two alloys mentioned above, confirmod 
their results. 

(i) The a/(a+/ff') and olJ{oc-{-Q phase boundaries. 

Three a phase alloys with 26.1, 30.1 and 34.7% by weight of cadmium were 
prepared. In order to get a relation between lattice parameter and compoiiition 
in the ot phase, the lattice parameter of these alloys were measured. Powders 
of alloy 47 were annealed at 235°C for five days and quenched in water and X-ray 
powder photograph was taken. Sharp lines of a and ^ phases were obtained. 
The lattice parameter of a phase was calculated from (511) lines and those of ^ 
were obtained from (2133), (3032) and (0006) lines (the wave length used for CuKa 
radiations are CuKaj = 1.64051 and Kag — 1.54433A). The alloy was again 
quenched from 224® C after annealing for five days, which yielded a and JS' lines, 
from which the lattice parameters for a and phases were calculated. The 
results are given in the Table I. The a phase in the 47% alloy corresponds to 
43.6 and 43.4% by weight of cadmium at 236 and 224®C respectively, as obtained 
by extrapolating the lattice parameter composition curve for a phase alloys. These 
gave the limit of the a phase. By narrowing the hmiis of annealing temperatures 
a temperature of 228°0±1 was obtained for this alloy at which trans- 
formation occurs. ' 


TABLE I 

Lattice parameter of a-phase alloys 


Alloy 

oompoBiiion 
in wt. 

% of Cd. 

Lattice 
parameter 
at SO-’C 
in A 

Quenching 

temperature 

”C 

25.1 

4.1400 

— 

30.1 

4.1618 

— 

34,7 

4.1036 

— 

47.0 

4.1839 

235 

47,0 

4.1837 

224 

47.0 

4.1836 

180 


(ii) The (a+0/^ and (a+/ff')//ff' phase boundaries 

The four alloys included between 60.8 and 63% cadmium by weight are all 
hi the p' field below the transformation temperature and in the ^ phase above it. 
Alloy 61.3 was studied in the high temperature camera up to 440®C. The photo- 
graph taken at 440°C shows that the alloy again changed to body-centred cubic 
phase. 

3 
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The ^ transformation was studied in detail for the 51.3 alloy using tibiB 
high temperature camera. For that purpose exposures in the high temperatute 
camera were made at several temperatures between 220 to 240‘’C. A tempera- 
ture hysteresis was observed in course of taking these photographs. Thus it has 
been observed that /?' transforms to ^ at about 225°C when photographs were taken 
at successive increasing temperatures i.o. when going from P' to ^ field, and ^ ttans- 
forms to /?' at about 220°C in the reverse process. But when the specimen was 
annealed in the camera for six hours before recording the pictures at every tem- 
perature, no such temperature hysteresis was observed. This revealed that ^ 
transformation is not rapid and requires time to be completed. This phenomenon 
was also observed in the case of quenched alloys. An alloy, originally in the ^ 
state, when annealed at 220°C for two hours and quenched, gave ^ phase only, 
whose diffraction lines were not sharp but diffuse. This shows that the atoms of 
the ^ phase have started moving and are slightly displaced from the normal positions 
still-keeping the hexagonal symmetry i.e. the lattice is strained. However, the 
results obtained with the lugh temperature camera are that the alloy 51.3 is in the 
^ phase at 230'’C and m P' at 225°C. The mean value 227. 5°C was accepted as the 
approximate transformation temperature for this alloy. 

Powders of the 51.3 alloy wore annealed at temperatures of 224°C, 227®0, 
230® C and 234° C for five days and quenched in water and^their diffraction photo- 
graphs were taken. The results are that at 224°C the alloy is in the /?' phase, at 
227°C both P* and C present, and at 230 and 234°C there is only the ^ phase. 
Hence 227 °C was accepted as the transformation temperature. 

# 

The lattice parameter of the p' and ^ phases corresponding to all the four 
alloys were determined. The variation of the lattice parameter of P' phase with 
composition was rather small. No variation in the ‘c’ parameter of the hexagonal 
X phase was observed and only the ‘a’ parameter changed with composition. The 
lattice parameter of p' and ^ phases well as the annealing temperatures are 
included in the Table II. 


TABLE IT 


Lattice parameter of p' and ^ phases 



fi' 



i’ 




Composi- 
tion wt. 

% of Cd. 

Annealing 

teinp.°C. 

Lattice 
paramo- 
ier m A 

Composi- 
tion wt. 
% of Cd. 

Azmealmg 
temp, in 

I*aramo- 

tor ‘c’ 

in A 

Faramo- 

ter ‘o^ 

in A 

c/a 

47.0 

224 

3.3314 

47.0 

235 

4.8236 

2.9836 

1.617 

60.8 

224 

3.3315 

60.8 

234 

4.8240 

2.9836 

1.617 

51.3 

224 

3.3316 

61.3 

236 

4.8238 

2.9840 

1.616 

61,57 

224 

3.3818 

61.67 

235 

4.8238 

2.9843 

1.616 

63.0 

216 

3.3323 

53.0 

226 

4.6239 

2.9864 

1.616 

66.4 

216 

3,3925 

66.4 

224 

4.8238 

2.9860 

1.616 

68.0 

210 

3.3326 

68.0 

230 

4.8234 

2 . 9862 

1.614 
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The transformation temperatures of all the other alloys were established by 
ejtaminmg the quenched powders. The results are given in the Table III. 
Alloy 53 when annealed for 16 days at 2iiO°C, the accepted transfoimation 
temperatuie for this alloy, yielded both p’ and ^ phases. 

TABLE 111 


— ^ transformation temperatmes 


Composition 
of alloys; wt, 

% of cadmium 

transformation 
temporature “C. 

Phases 

47.0 

228 


DO. 8 

228 

li'-S 

51.3 

227 

M 

61.57 

226 


63 0 

222 


56.4 

220 

{P'+y)-{^+y) 

58.0 

220 



An approximate value of thermal expansion for the p' and ^ phases wore 
obtained from the high temperature photographs. For p^ phase a value of 24 X 
10“® °C“^, and for phase values of = 22x 10“® °C“^ and — 36x10"® 
corresponding to the c and a axes respectively wore obtained. The axial ratio 
c/a for the ^ phase changes from 1.617 to 1.614 with increasing cadmium con- 
centrations. The value of c/a also decreases with increasing temperature. 

The lattice parameter of p^ and ^ phases were plotted against composition, 
and by extrapolation it was observed that the P' and ^ phases in 47% alloy 
correspond to 50.6 and 50.7% by weight of cadmium respectively. These gave 
the composition of the (a+^)/^ and {tx-\-p')IP' boundaries. 

(iii) The ^/(^+7) and P'l{P'-\'y) phuse boundaries 

The alloys 56.4 and 68% by weight of cadmium were studied by quenching 
method. A transformation temperature of 220°Crbl was obtained for both the 
aHoys. The alloy 56.4 was also studied up to 400“C in the high temperature 
camera. The high temperature study of the alloy yielded 219°Cil fho trans- 
formation temperature. The lattice parameters of the phases were calculated 
from the high angle lines. Lattice parameter of y was 9. 9704 A for both the alloys. 
By extrapolating the lattice parameter for p' and ^ corresponding to these two 
alloys, the boundary between P'l{P'-\-y) and ^l{^-\-y) was obtained. Alloyb 
47 and 66.4 were aimealed for more than 15 da5^8 at and yielded an approxi- 
mate boundary composition at that temperature. The results are included in 
Table IV. 
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DieOUSBION OF KESULTS 

The presence of the phase, which was suspected by Durrant and others 
from thermal and microscopical studies of the Bilver<cadmium alloys, has been 
confirmed by our X-ray investigation of the system. The fl' phase boundaries 
determined by us are found to differ considerably from those given in Metals 
Handbook, these latter being based on the microscopical work of Durrant. The 
boundaries of the a and ^ phases obtained in the present work agree with those 
found by Owen et aL The boundary compositions of the different phases, as 
obtained in course of the present work along with those obtained by Owen, are 
given in Table IV. transformation temperatures of all the alloys examined 

are given in the Table HI. These differ from those given in Metals Handbook 
by about 12°C. 

TABLE IV 


Boundaries in the silver-cadmium system of alloys 


Temp. 

“C. al{a+$') 

(«+«')//>' 

Boundary compoaition (oadmium weight peroent) 

ew+y) «/(«+{) («+f)/r f/if+r) (t+y);y Author 

180 43.3 

60.6 

53.6 



1 

216 

60.6 

63.66 



1 

224 43.4 


43.6 

60.7 


1 

236 


43.5 

60.7 

63.76 

'1 

260 


43.5 

60.76 

04.0 

2 

270 



60.76 

64.0 

2 

300 


43.6 


60.6 

2 

210 




69.6* 

2 

180 




60.6* 

2 

1 Present work. 

2 Owen, Boger and Guthrie (1039). 

*CorreBpondB to yl/y. 


With the help of these data the equilibrium diagram of the Ag-Cd system 
between the compositions of 40 to 60% by wt of cadmium and up to 300® C 
was constructed and is given in Fig. 1. The complete diagram of the system, shown 
In Fig. 2 was obtained by combining the results of Owen ei al. with those of the 
piesent observations. This ropresents a complete diagram for the silver-cad- 
mium system obtained from the X-ray study of the alloys in the solid state. 
However, the liquids and solids curves were not determined in the present investi- 
gation. 

A duplex phase 1 eld is also included in the diagram, based on the ob- 

servations on three alloys as mentioned earlier. It has not been possible to 
determine the extent of this duplex region precisely, but observations show that 
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it is confined within ±2°C of the corresponding (/?'~^) transformation tempera- 
ture. The general arrangement of the phase fields is similar to that in the silver 



zim- s^^st(‘m excel)! that in the case of Ag-Zn there is only one (/?— ^) transfor- 
mation iit, ahoiil \\iiorcas in Ag-(3d system there are two transformations 

in the //-field. 

The .stinetures oJ' the different phases in the diagram are : a phase, face- 
centred cubir, p phase, body-centred cubic; /f' phase, ordered bod^^-centred (!ubi(; 
with Tsfn ty])(‘ of structure; y phase, complex body-centred cubic with 52 atoms 
to the unit cell; and <5 and t phases are clo.se-packed hexagonal. It is not 
possible to get evidence of Jong range order in/?' phase Iroin x-ray investigations 
111 this case as the super-lattice lines cannot bo recorded on account of tlie nearly 
ecjiial scattering powers of silver and cadmium atoms. Howevci*, there is 
evidence from nuclear magnetic resonance experiments (Drain, 1950) that the 
silver and «;admiuin atoms strongly attract each other which shows tliat unlike 
atom jiairs will be favoured in this alloy. It may de concluded that the/? to C 
and again ^ to //' transformations are probably controlled by the order paranuders 
and energy considerations. 

The alloy 68% by weight of cadmium, which is in the phase field, was 
studied. The lattice parameters of the ^ phase are; 3,037 A, c^4 H‘>4 A and 
c/rr---^ 1.5cSH. 
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Cadmium, weight per cent 

Fig. 2, Equilibrium Diagram ol silver- carlinium alloys based on the work of Owen rt td., 
and tho prosent invesUgations. 

I’lie formation of tho iiitennediate phasoH /?, ^ and y can be explained by tho 
Humc-Rothery rule for electron coinponjids. Assuming that tho electrons are 
nearly free and the Fermi energy is the most significant factor determining the 
stabihty of these phases, Jones (]9,'14, 1987) has given a theoretical explanation 
of the Hume-Rothery rule from the zone theory of metals. According 
to this rule tho a phase having f.e.c. structure should become unstalile 
at the electron concentration 1.4 while from the equilibrium diagram (Kig. 1) 
of Ag-Od alloys it comes out to be 1 .425 Similarly, for the (a4 boundary 

the Hume-Rothery rule gives 1.5 as against 1.49() found here. For the 
and (|8'+7)/7 boundaries we find the electron concentrations 1.528 and 1.586 
as against 1.5 and 1.6 from the Hnme-Rothory rule. 
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IONIZATION OF E-LAYER BY X-RAYS 

S. N. GHOSH AND SHARDA HAND 

J. K. Institute of Applied Physics, UNivEHSiTy of Allahabad, Allahabad 
{RecevDtd, August 16, 1960) 

ABSTRACT. In this paper, the transmiSsioai curves for solar radiations in the X-ray 
and ultraviolet regions through the earth’s atmosphere, obtained from rookot data and 
absorption ooelfioients have been utilized for determining the radiation responsible for E- 
layer ionization. It is found that only X-raya between the wavelength region 6 to lOOA 
are absorbed in the region of the atmosphere occupied by E -layer. The amount of energy 
absorbed is 0.19 erg cm"* seo~*. The number of ions produced by (1) absorbed X-rays, 
(2) ejected photoeleotrons produced by X-rays, and (S) Auger Effect induced by X-rays has 
been ooloulated and found to be 4x10*, 6.6xl0», and 5.6x108 cm-* seo-i column-* res- 
pectively Or the total rate of prodilotion of ions in the E-layor is 6.2 x 10® cm”^ aec~* column"*. 
Remembering the error in the measurements of energy from a rooket, this value agrees with 
that obtained from substituting the value of effective irecombination coefficient and electron 
density for E-layer in the expression g =* 

The temperature of the sun corresponding to different wavelength regions are calculated 
i^m data obtained from rocket-borne experiments. The calculated values agree with those 
given by iTiaolet. 


1. INTRODUCTIOIT 

E. 0- Hulburt (1938) was tho first to propose that soft X-rays may produce 
the .^-region. Bates and Hoyle (1948) supported Hulbert's proposal. In consi- 
dering auroral phenomena, Vegard (1923, 1938) also suggested that soft X-rays 
are a major contfibntor to the ionization at high altitudes. Also, from Solar enefgy 
meAsuremebts by tocket-borne experiments, it appears that ionization of the 
JS7-layer is duO to soft X-ray emissions from solar corona. Recently, Friedman 
(1959) suggested that j^-region is produced by X-rays and Lyman-^ (1026A), and 
B-region by Lyman-a (1210A). 

In this paper, the total amount of solar X-ray energy absorbed within the 
it-layer is calculated ff om the energy at the top of the earth’s atmosphere obtained 
from rOoket-bome experiments and the transmission curves for these radiations 
through the atmosphere. The rate of ionisiation produced by absorbed energy 
is then calculated and compared with other available value. 

The temperatures of the sun at different spectral regions in tho ultraviolet 
and X-fays are also calculated from the amounts of solar energy at the top of the 
earth’s atmosphere, obtained from rocket-borne experiments. 

516 
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2. TRANSMISSION CURVES FOR X-RAYS AND ULTRA- 
VIOLET RADIATIONS ' 

Fig. 1 shows the traiismissioii of different wave-lengths through the earth’s 
atmosphere. The solid curves (Friedman, 1959) represent tlie penetration of solar 
radiations into the atmosphere for vertical incidence obtained from rocket-borne 
experiments. The dot-dash curves (Byi'ani ei al., 1964) show the penetration of 
certain radiations computed from absorption coefficients given by Compton and 
Allison (1953). Dotted lino curves (Friedman etal.^ 1951) represent the transmission 
of solar radiations observed from V-2 49 rocket using photon counters, 


p£RCENTAQ£ OF ATMOSPHERIC TRANSMISSION 

Atmospheric transmission for different wavelengths in the X-ray and ultraviolet 
regions. The solid curves (Friedmcui, 1959) are obtained from. rocket-homo experi- 
ments. Dotted line oui vea (Friedman, 1961) arc also obtained using phoion counters 
in V-2 49 rocket. Dot-dash curves are computed from absorption coefficients 
given by Ck)mptou and Allison. 
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It will be seen from above curves that, in general, radiations penetrate deeper 
into the atmosphere as the wavelength decreases. There are, however, certain 
departures. Wavelengths 1475A, Lyman-a, 1200A and Lyman-/? penetrate 
much deeper into the earth’s atmosphere. In the dot-dash curves, wavelength 
30 A penetrated to a lesser depth compared to wavelengths 35A, GOA and lOOA. 
Also, it may be noted that Lyman-a, and 2.5A, and wavelengths lOA and 32 A 
have the same penetrating characteristics. 

From the nature of these transmission curves, one can easily conclude that 
different amounts of energy corresponding to different wavelengths are absorbed 
at different altitudes of the atmosphere. Wavelengths from 200 A to 850 A are 
absorbed above 125Km, whereas those between 5 A and 100 A are absorbed in the 
region 90-125 Km. The Lyman-a radiation (B3rram et al., 1953) penetrates 
upto 74 ± 2^ Km. Also, Lyman-/? is absorbed between altitudes 90 and 126 Km. 
Wavelength 2.6A penetrates below 70 Km and lA well below 60 Km. 

From rocket data, 50 per cent transmission of energy at different wavelengths 
in the X-ray region is calculated and is shown in Fig. 2. The values given by 
Leo Goldberg (1964) for 60 per cent transmission of energy for higher wavelengths 
are also given in the same figure. 



Fig. 2. Altitudes for 60 per cent transmission of solar energy in the X-ray region. Solid 
line curve is draxm by Leo Goldberg and the dashed curve (shown in a magnified 
scale on the right side) is obtamod from the present work. 

3. ABSOBPTION OF X-KAYS IN E-LAYER 

The results of measurements of electron density as obtained from different 
rocket fiights at White Sands Proving Ground, New Mexico, are given in Table 1. 
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These measurement s show that the height of the maximum ionization of the E~ 
layer lies between 100 and 110 Km. It has also been obseiwed that imder normal 
conditions of the s\m there is not much variation in electron density up to 125 Km, 
although during solar activity there is considerable variation. Therefore, for 
calculating the number of ion cm“^ sec“^ column"^, the ^7-layer may be assumed 
to lie between 100 and 125 Km. 


TABLE I 

.K-layer ionization from rocket data at white sands proving ground, 
New Mexico 


Hooket flight, 
date and timo Authors 

Altitude of 
maximum 
ionization 

Km 

Bomarka 

May 7, 1947; 

11-26 hrs. MST 

About 110 

Bap id increaao in electron density from 
86 Km to 110 Km; no meaauremont 
was mado above 110 Km, 

Jan. 22. 1048; 

13-14 hrs. MST 

100 

Electron density inoroasos from 92 Km 
to 100 Km. No data available 
above 100 Km. 

V.2 No. 49, 

Sept. 29, 1049; 

10-00 hra. MST 

107 

Peak electron density at 107 Km. 
Between 110 and 125 Km, there ia 
not much variation in electron 
density. 

Viking No. 6, 

Nov. 21, 1950; 

10.18 hra. MST 

110 

Electron density gradient becomea 
Bteep from about 92 Km. Peak 
electron density is observed ot 
110 Km. There ia not much varia- 
tion in electron density between 
110 and 125 Km. 

Viking No. 10, 6 

May 7, 1964; 

10-00 hra. MST 

Aoroheo-38, c 

Juno 26, 1963; 

12.10 hra. MST 

Aorobeo-Hl NllL-50, d 
June 29, 1966; 

12-09 hra. MST 

Peaks at 101, 112 
and 129 

Sharp maxima at 

101 

Measuromonts show a rapid increase in 
electron donaity at 01 and 101 Km. 

A sharp maxima at 110 Km. 

Electron density increasea from 92 to 
160 Km. Between 100 and 126 Km, 
the electron density is practically 


constant. 


a — Jackson, 1954 & Seddon, 1964 ; 6 — Seddon ei al., 1954 ; & Jackson, 1966 ; c— Pfister 
etal., 195B ; d — Jackson aZ., 1958. 

Solar energy values at the top of the earth’s atmosphere for different wave- 
lengths wore obtained from rocket flights and are shown in Section 5 (Table 4). 
The percentage of absoi'ption of these radiations in the £7-layer was calculated 
from Fig. 1. Assuming the ^-layer to Ue between altitudes 100-125 Km, the 
energy absorbed in this layer corresponding to different wavelengths is then 
calculated and is given in Table II. A graph is drawn between the absorbed energy 
and wavelengths and is shown in Fig. 3. The integrated area gives the total 
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amount of X-ray energy absorbed in the ^-region. Its value is estimated to be 
0.19 erg cm"^ sec“^. [The Lyraan-yff (A 1025) radiation is also absorbed between 



Fig. 3. Tho solar onorgy in the X-ray region absorbed in the E-layor as calculated from 
Fig. 1. Tho E-layor Is assuincd to he between altitudes 100 end 125 Km. Corros- 
ponding to 70 A two onorgy values, 2 X and l.f> X 10"!^ ergs cm^^ Heo“^ A"^ were 
obtained by Friedman (1959). In tho present oalculations only the lower value is 
taken. 

the altitudes 100-125 Km. However, it does not produr.e £7-layer ionization 
because it requires radiations of wavelength less than 101 9A]. 

TABLE II 

Solar energy in tho X-ray region absorbed between altitudes 100 and 125 Km 


Wavelength 

(A) 

Porcontttgo 
of energy 
absorbed 

Energy absorbed 
(erg oni-i* soc-i A-i) 

6 

25 

6.25xl0-« 

10 

75 

6.63x10-4 

20 

76 

1.62x10-4 

32 

70 

6.81x10-3 

35 

85 

1 . 70 X 10"a 

60 

50 

3.76x10-4 

70 

40 

8.00x10-4 

100 

30 

2.70x10-4 
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4. iontzatton in e-layer by x-rays 

ABBuming that X-rays absorbed iii the E-layer are responsible for its ioniza- 
tion, the number of ions produced in this layer has been calculated as follows : 

The amount of energy absorbed in the ^7-layer in an interval of 6 A has been 
obtained from Fig. 3. The mean photon energy in the interval is then calculated. 
Dividing the former by the latter gives the number of photons. Knowing the 
number of photons in the interval of 5A, the rate of production of ions* in the 
.E-layer by X-rays emitted by the sun has been calculated. 

The rate of production of 0+ ions, g(0+), will depend upon the product of 
absorption coefficient, of 0 atoms corresponding to frequency v and its con- 
centiation, w(0). Therefore, 

<7(0+) ocaon(O). ... (1) 

Similarly, in the case of nitrogen atoms 

q{N+)ac a^n{N). ... (2) 


Therefore, 


8(0+) a.»(0) 


or, 


jI0+) = «o”( 0)[‘?OT+?(^'^) ] 
■' a„n(0)+aj^(^) 


... (4) 


Substituting A for [g'(0+)+gr(^+)] which is the total rate of production of ions in 
the E-layer or the number of photons absorbed, the Eqn. (4) becomes 


<7(0+) = 


^0^(0) 

aon(0)+aj^n(N) 


XA. 


Similarly, ,(^+) = X^. 

The absorption coefficients of atomic oxygen and nitrogen have been taken after 
Compton and Allison (1953) and the particle concentration after Nicolot (1969). 
The ejected photoelectrons are loaded with excess energy and cause valence 
ionization of other atoms. Also, from Auger Effect for K-L shell transition 
for 0 and N atoms there exists 60 per cent probability of electron ejection and 

* The photons corresponding to wavelengths < 23,68 A and 31.18 A, eject K electrons 
from oxygen and nitrogen otoms respectively, while those corresponding to wavelengths 
greater than the above values eject L electrons. 



522 


8. N. Ghosh and 8, Nand 


50 per cent for X-ray emission. The rates of ion production by the above processes 
are given in Table III, 


TABLE III 

Ion production due to X-rays in the, iJ-layer by different processes 


Ionization by Auger Effect 

K-ahell L-ahell Valence sholl 

ionization ionization ionization Direct From X-ray 

electron emission 

ejection 

(cm-^a-icol-i) (om-2a-ical-i) (cm-2s-i ool-i) (om-Ss-i ool-i) (cm-^s-i col-i) 


Oxygon 

2 . 5 X 10<i 

1 . 6 X 108 

2.2X100 

1.2x100 

2.4x107 

Nitrogen 

1.8X107 

2.2x108 

3.4X100 

8.8x108 

2.2x108 

Total 

2.0X107 

3 8x108 

5 6x100 

1 0X107 

2.4x108 


Therefore, the average rate of ion production in the JE7-layer is 6.2xl0"cm~’® 
sec"^ column”^. 

Another value for the rate of production of ions can be obtained by substi- 
tuting the values of a and Ne in the expression for the rate of production of ions 
at equilibrium condition, namely, 

g = oiNe^ ... (5) 


where, • 

g — ^rate of ion production, 

a — effective recombination coefficient, 
and Ne — ^ionization density. 

The value of a as given by different investigators (Appleton, 1959 ; Landmark, 
1956) ranges from 1 X 10“® to 4 X 10“® cm® scc“i. The calculated value of the rate 
of total ion production due to X-rays agrees with the value obtained from the ex- 
pression (5) if a = 6 X 10"® cm® sec"^ and jVc = 2 x 10® cm“®. It may, however, 
be noted that the transmission curves (Fig. 1) were plotted from the data obtained 
from rocket-borne experiments by using photon counters and thermoluminescent 
phosphor technique. These data are liable to be in error. The measurements 
with photographs and ion chambers give more accurate valu^ for the energy 
(Friedman, 1959; Jager, 1959). 


6. TEMPERATUBB OF SUN IN X-RAY AND ULTRA- 
VIOLET REGIONS 

We have already seen in Section 3 that the energy values at the top of earth’s 
atmosphere corresponding to different wavelengths from ultraviolet to X-rays 
are obtained from rocket-bome experiments. From these energy values and 
considering the sun as a black body radiator, the coronal temperatures corres- 
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ponding to the omission of X-rays and ultraviolet radiations have been computed 
following the method of Nicolet (1952) as follows. 

If p{v) bo the density of radiation emitted by the sun, then from Planck’s 
formula 


/>(v) = (eW‘r-l)-\ 


’K 



Fig. 4. Variation of temporaturo of tlio sun wifli wavelength in iho X-ray region obiainod 
from rookot data. 

where the symbols have their usual significance. The radiation density /)'(v) 
at the top of the atmosphere is given by tlio relation 

p'iy) = A • 
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TABLE IV 

Equivalent black body temperatures of the sun obtained from rocket-borne 
experiments in the X-ray and ultraviolet regions 


Wavelength 

region 

(A) 

Author 

Condition of 
the sun 

Energy 

(ergs om-i sec'i) 

Equivalent 
black body 
temperature 
(“K) 

Below 8 

a 

late in class I fiaro 

6 X 10-3 

G-axiO’ 

6—10 

b 

100 minutes aft^? 

class I flare 

10-4- 10- « 

3.6x105 

8—12 

0 

quiet 

3 X 10'» 

3.0x105 

8—18 

d 

high coronal activity 

0.6 

2.6X105 

o 

1 

CO 

c 

-do- 

0.1 

2.3X105 

8 — 20 

a 

quiet 

1.6xl0-» 

2.1X105 

8 — 20 

a 

—do— 

1.3x10-3 

2.1X105 

8 — 20 

a 

—do— 

1.2x10-11 

2 1X105 

8 — 20 

a 

-do- 

0.4X10-«I 

2.1X106 

10 — 60 

d 


1.0 

1.1X106 

1 

oa 

O 

e 

minimum solar 
activity 

1.4x10-2 

6.8x104 

44 _ 100 

6 

-do- 

3.6x10-2 

6 . 2 X 104 

44 — 100 

e 

-do- 

2.9x10-2 

6.2X104 

1060 — 1240 f 

normal 

0.4 

6330 

1200 

b 

-do- 

6.2xl0"2 

(6000)* 

1210 

g 

no imusual solar 
activity 

6.3 

7730 

1160 — 1340 b 

— do— 

1—10 

5630 

1230 — 1340 b 

-do- 

0.2 

4840 

1560 

b 

-do- 

6.4x10-3 

(4500)* 

2060 

h 

-do- 

3.7 

(6000)* 


a — Chubb et al., 1967 ; b — Friedman et al,, 1961 
c — Burnight, 1962 ; d — Byram e# o?., 1964 ; 
e — Byram et al,, 1966 ; f — Tousey etal., 1961. 
g — .Tftger, 1969 & h — ' Byram 6^ 1952, 

For figures marked with * the amounts of energy have been calculated 
from the given temperatures. 
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where the dilution coefiQ.cient is given by 

n _ 22’® (sun radius)*® 

* 4r*® 4(Bun-earth distance)® 

= 6.41 X 10-®. 

The temperatures thus calculated are given in Table 4. Comparing these values 
with the equivalent black body temperatures calculated by Nicolot (1962) from 
the coronal radiation of the quiet sun given in Tabic V, we find that there is a fair 
agreement between the two sets of values. The variation of temperature with 
wavelengths in the X-ray region is shown in Fig. 4. it may, however, be pointed 
out that the emission from the sun may bo of grey body type (Byram et al, 1960). 
If such bo the case, the actual temperature will be higher than those given in 
Table IV. 


TABLE V 

Equivalent black body temperatures of quiet sun in the X-ray and ultraviolet 
regions obtained by Nicolet 


Waveloiiglih 

(A) 

Bquivalont 
black body 
tomporatiire 
(“K) 

4 

6 0x105 

10 

3.0X105 

14 

2.0x105 

20 

1.6X105 

21.5 

1.5X105 

29.6 

1.2X105 

50 

7.6X10* 

75 

6.0x10* 

200 

2.0X10* 

228 

1.9X10* 

260 

1.8X10* 

500 

7.0X10“ 

010 

6.0X103 

1000 

6.0X103 


5 
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ABSTRACT. Tho analysis of tho throe-spooed-roceiver fading records taken at 
Bonoras from November, 1956 to March, 1968, with vertically-dirootod pulse transmission on 
3.8 Mc/a has yielded the following results : 

(i) The ratio of the drift velocity Va to tho r.m.s. line-of-aight velocity Vq of tho 
ionospheric irregularities is not found to be conatant, os is expected from theory. Tho ratio 
inOreaaea with the increasing drift velocity. 

{ii) The ratio of the drift velocity to tho product of the frequency of fading N and 
the wavolongth \ is not found to be constant, as is expected from theory. The ratio decreases 
with the increasing drift velocil.y. 

(m) The angle of aproad of tho scattered oomponenta from tho ionospheric irregularities 
obtained from Oo = am' ^ (N . \I2vq) is found to increase with the increasing drift velocity. 

THEORETICAL CONSIDERATIONS 

Ratcliffe (1948) developed a theory of tho randomly fading radio waves. 
According to the theory, the irregularities in the ionosphere are the scattering 
centres which may be regarded as gas molecules under thermal agitation. The 
distribution of velocity (in one dimension) can then be expressed as: 

P(i;) = 4.oxp ( - ^) - (1) 

B 

where J P(v)dv — 1 and Vq is the r.m.s. line-of sight velocity of tho irregular 
scattering centres. 

The frequency of the scattered components suffers a Doppler shift of fi'c- 
quency due to the line-of-sight velocity of the scattering centres. Considering 
the frequency-shift, /—/o, the power-spectrum is given by 

r(/) = i(.exp[ ... (2) 

where A is the wavelength of the wave. 
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The auto-correlation function of the fading pattern may be written as 




(3) 


where E{t) and R{i-\~T) are the amplitudes of the fading signals at instants t and 
t-\-T. Since the auto- correlation function is proportional to the Fourier transform 
of the distribution of power in the power spectrum, it can be shown 


p«(T) = a. exp. [ 


A2 ““ J 


... ( 4 ) 


The theory can bo tested by finding whether the auto- correlation function 
of the fading pattern obeys this law, and if it does, the magnitude of Uq can be 
obtained from the value of t, where Pr(t) falls to in the auto-correlogram 
Thus 




J. 

iiTTT 


( 5 ) 


If the spatial auto -correlation of the fading pattern is plotted as a function 
of distance in one direction from a fixed origin, it is possible that it would fall in 
a smooth manner. Ratcliffe and Pawsey (1933), Pawsey (1935) had shown that 
the spatial auto-correlation function falls to about 0.8 in a distance of one w^ave- 
length. If now the irregular ionosphere producing this pattern wore to move 
with a velocity Vu , the diffraction produced on the ground would move with 
velocity 2v„ . Therefore the spatial auto-correlation function would fall to about 
0.8 in time A/2vu . 

If now we assume the space and time auto-correlation to be similar (say, 
Gaussian), then the space auto-correlation function will fall to e~^ in time 


0.8A ^ 2.2A 
2y^ .e-^ 2u 


Then comparing the relations (5) and (6) we obtain 


1^0 


4.4:71 


or 


Ivq 14 


... ( 7 ) 


McNicol (1049) developed a quick method of determining the r.m.s. line-of-Bight 
velocity Wq by counting the number of maxima N of the fading pattern per sec. 
The approximate relation was given by 



... (8) 
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Considering (7) and (8) wo have 

= 14^0 14 ^ 2.8xV.A ... (9) 

5 

Further Briggs (1951) assuniing that the horizontal movement of the reflecting 
layer to be the main cause of fading deduced the relation ; 

... ( 10 ) 

A 

where 0^ is the semi- angle of the cone of the down- coming waves. It will bo 
noticed that this relation is the same as the relation (9) giveji by McNicol except 
for the constJints. 

KESULTS OF THE ANALYSIS OF THE 
FADING RECORDS 

A number of throo-spaced-rccoivor fading records taken at Banaras from 
November 1956 to Mar(;h 1958 with vertically-directed pulse-transmission on 
3.8 Mc/s bas been analysed. The cross-correlation method has given the drift 
velocity. The same sets of records have been used to find the r.m.s. line-of-sight 
velocity v,, of the iiTegularities in the ionosphere by finding the time at which ;tho 
auto-con’olation function falls to a value e~^ and using relation (5). Table I shows 
the results of the analysis. The various values of the drift velocities have been 
arranged in groups of 0—10, 10-20, 20-30 rnetres/sec. and the averages of those 
have been estimated. 


TABLE I 

Frequency 3.8 Mc/8ec. 


Drift velocity 

Vw metrofl/aoc. 

r.m.B. linH-of- 0 ight volouity of 
tlio iouoaphoric irregularities 
vq motres/aeo. 

^ulVo 

12 

1.2.3 

9.76 

26 

2.46 

10.60 

37 

2.70 

13.70 

48 

3.20 

16.00 

60 

3.40 

16.40 

67 

3.60 

19.00 

78 

4.10 

19.00 

86 

4.00 

18.60 


mean 

16.26 


It is evident from the data given in Table I that the ratio of the drift velocity 
to the r.m.s. line-of-sight velocity -U q of the ionospheric irregularities varies with 
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the magnitude of the drift velocity^ the ratio being sruftller for the lower values 
of the drift velocity and larger for the higher values. Clearly the results show 
a departure from the theoretical relation (7). 

The relation between the drift velocity and the frequency of fading N has 
also been found by analysnig the random fading records. In Table II are given 
the values of the frequenciy of fading N and of the ratio of the drift velocity 
to NA for the difff3rent groups of the drift velocity. It is clear that the ratio 
v^lNA decreases with the inc-rease of the drift velocity. This variation is a 
depaitare from the theoretical relation (9). Using the relations (9) and (10), 
the angles of Hjiread of the scattered components from the ionospheric irregula- 
rities for the various values of the drift velocity have been calculated. The 
calculated values of the spread angle are also entered in Table II. It is interest- 
ing to note that the spread angle increases with the increase of the drift velocity. 

TABLE II 


Vu metors/floc. 

60N 

in cyoles/min 

vw/N^ 

Bs: const. 

00 = 

Bin-1 N.X 

2vu 

12 

1 8 

6 83 

4“ 

60' 

26 

4 2 

4.64 

6“ 

19' 

37 

7 7 

3.60 

8“ 

2' 

48 

10.6 

3.43 

8“ 

20' 

66 

13.0 

3 23 

8° 

66' 

67 

16.7 

3 00 

9° 

35' 

78 

20.8 

2 81 

10“ 

23' 

86 

27.2 

2.40 

12“ 

7' 


niean 

8.62 




It may be inontioued that the angle of spread of the scattered components is 
of the same order as that obtained by Briggs (1951) and Rao and Rao (1958). 
The values of the spread -angle are also in agreement wdth the values obtained by 
Briggs and Philips (1950) and by Khastgir and Singh (1960) from the three-spaced- 
recoivor fading records. 
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LATITUDE DEPENDENCE OF NUCLEONIC INTENSITY 
DURING AUGUST 24 - SEPTEMBER 20, 1957 

LEKH VIK AND P. S. GILL 
Gulmaug Researcii Obseevatoby, Gulmaeg). 

Ab early as 1933, MeHScrsehmidt (1933) and Steinmaiircr and Graziadei 
(1933) observed a decrease in (-osniic ray intciiflity duiing a inagnelio stoim. 
However, Forbush (1937) jncoi'porating Cheltenham and Huancayo data with 
that of Hafelekar obtained by Hess and Deinmelmair (J937) eMtal)liHhed the world- 
wide character of the decrease in cosmic ray intousity with magnetic storm. 
Since then various reports of such decreases have appeared in literature. 

Various methods for measuring the amplitude of the deei'eases have been 
adopted by different workers. In this note, we have followed the method sug- 
gested by McCracken and Johns (1959). According to it, where the correlation 
coefficient between any two sets oi data and R^ is greater than 0.8, the measure 
of relative amplitude is defined as ((TilRi)l{cr 2 lR>i) where 

'^1 == V 

and Ri is the daily mean intensity. 

During the period considered, a large For bush type deerea.se in intensity 
occurred. Using the definition given above, and comparing daily moan data, the 
relative amplitude of the decrease in the intensity of nucleonic ooniponont of 
cosmic radiation for ten sea-level stations with respect to Huancayo data has 
been computed. The results are plotted in Fig. 1. 

The striking feature of this decrease, as is obvious from the Fig. 1, is that the 
curve does not flatten out beyond the latitude knee. Instead the relative 
amplitude goes on increasing even up to 82.9'’N. Also the relative amplitude 
is not symmetrical about the geomagnetic equator. 
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Fio. 1. Latitute dopondonco of a Forliueh-type decrease. The relative amplitude is in 
arbitrary units. 
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DEBYE 0 OF SOME CRYSTALS 

S. K. JOSHI AND S. S. MITRA* 

Physios Djspahtment, ALiiAHABAn University, ALiiAHABAi)-2, 

(Received, June 26, 1960) 

_ \ 

Because of its inherent relationsliip with lattice vibrations, Debye character- 
istic temperature, © enters into a large number of solid state problems. The 
importance of this parameter and the scarcity of the available data have prompted 
us (Joshi and Mitra, 1960) to calculate and tabulate the Debye temperature of a 
large number of solids utilising the recent values of their elastic constants. In 
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the present communication it iw intended to calculate the Debye © of some addi- 
tional crystals belonging to the cubic, hexagonal and trigonal systems. 

Only the lattice waves (if nearly infinite wavelength contribute to the specific 
heat at very low temperatures, and 0 values derived from elastic constants are 
equal to those obtained from calorimetric data near 0°K. 0 is given by 


0 = 


h ( 

k \ ^nVI I 


« ■ 1 dfl 

whore I = J 

0 

h is Plaek’s constant, k is Boltzmann’s constant, N is the number of vibrating units 
in volume V of the specimen and Vi are velocities of propagation for low fre- 
quency vibrations and as such arc functions of direction. The subscript i numbers 
the solutions of the Christoffel equation for plane wave motion. It has been eva- 
luated using Houston’s series expansion method as modified by Betts et aL (1966). 

For an acouratic evaluation of 0 the values of elastic constants measured 
at about 0°K should be used (Alers and Neighbours, 1959). But in the absence 
of such data elastic; constants measured at ordinary temperatures have been 
ptilised, which yield an approximate value of 0, 

The values of 0 and the elastic constants from vdiich they have been palcii- 
lated for a number of substances belonging to thfe various symmetry classes are 
presented in Table T. The experimental 0 values derived from calorimetric 
measurements are also inchided, wherever available. 

The authors are deeply indebted to Prof. K. Baiiorjee and Prof. N. Ghosh, 
ibr their interest in the investigation. 
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MAGNETISM OF THE IRON PARTICLES AS REVEALED BV 
ELECTRON DIFFRACTION 

S. YAMAGUCHI 

The Institute of Physical and Chemical Eebearoh, 31 Kamifuji (Kongo) 

Tokyo, Japan 
[Heceived, September 21, 1960) 

The path of an electron beam is (lofle(;t(Kl in a magnetic field as the result 
of the Lorentz effect. This effect is obscrv'able in the diffraction pattern obtained 
from a ferromagnetic substaiuie. 

The rather soft electrons (about 50 KV) graze the surface of matter, whereas 
the hard electrons (about 200KV) are alilc to tunnel through a thick ])artic'lc 
(tliiciknoss: about 3000A) (yamaguchi, 1957, Yamaguchi and Takeuchi, 1957). 

These twc) cxpcneiices i^uply that the alternative use of the soft and tlie hard 
electrons is of use for studying the surface magnetism of a given particle as com- 
pared with the interior magiieiism of itself by means of diffraction. 

Iron powder was here employed as a specimen for the experiment. Tlie iron 
particles were magnetically atti acted at the sharp edge of a razor blade acting 
as permanent magnet (remanence: about 10000 gauss). In this way these iron 
paj'ticles were kept in the saturation induction. An elec.fj'on beam grazed these 
magnetized particles to give rise 1o a diffraction pattern. 

A process of doidile exposure was carried in order to measure the Loientz 
effect caused by the specimen. The diffi’action pattern ot a non-forroinagiietic 
gold foil was first photographed, anil then that of the specimen was snpoiiniposed 
npoii it. In this process, the position of the photographic plate as well as the 
w^aveleiigth of the incident bc*-am were kept constant. Fig. 1 is a double diagram 
obtaaned in this process with the soft electrons (wavelength: 0.04791). It is 
remarkable in this diagram that the diffraction rings from the reference gold foil 
and those of the specimen arc eccentric as the result oi the Lorentz effect. The 
ring eccentricity measurable in Pig. 1 makes it possible to calculate the magnetic 
induction at the surface of the specimen. Pig. 2 is a dou ble diagram obtained with 
the hard oloctroiis (wavelength 0.0277 A) from the same spot of the specimen as 
for Pig. 1 . There is again the ring eccentricity in this diagram. This diagram 
informs us of the magnetic induction found in the interior of Iho particle specimen. 
We have a relation between Pigs. 1 and 2 : 

?}= 

635 


... ( 1 ) 



536 


Letters to the Editor 


whore and Z.^ mean the I'ing eccentricity in Fig. 1 and that in Fig. 2, and 
Ag mean the wavelength in Fig. 1 and that in Fig. 2 (0.0479 and 0.0277 A), and B, 
and Bi mean the surface and the interior imiuctions of the iron particles. From 
Figs. 1 and 2 we measure Z^ jZ^ = 1.59. According to Eq. (1), therefore, we 
obtain 


B^jBi = 0.92 

< Bi. 



Fig. 1. A double diagram from the magnotizod apeoimon and gold, taken with the aoft 
olootrona. "Wavolongth : 0.0479A.. Camera length; 495 mm. Poaitive enlarged 
2.3 times. 



Fio. 2. A double diagram taken with the hard eleotrona. Wavelength: 0.0277A. 
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The diffraction rings characteristic of the oxide (FcgOi) in Fig. 1 with the soft 
electrons are distinctly more inlense than those in Fig. 2 with the haj’d electrons. 
This fact verifies readily that the surface of the iron particles is covered with the 
oxide. The induction of this oxide is lower than that of pure iron. It is, therefore, 
reasonable for the present specimen that the surface induction Bg is lower than 
the interior induction A model of the iron particle under question is illus- 
trated in Fig. 3. 



7 . * 3000j^ 

Fio. 3. Tho magnetic struoturo of the iron particle as rovoalod by electron diffraction. and 
Bg mean tho interior and tho surface induction ros[)ootivoly. 
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BOOKREVIEW 

FRONTIETIS IN SCIENCE ; Editerl by Edward HutehiiigK, Jr., pp.362-|-vi. 

George Allen Unwin Ltd, Riiskin House, Museum Street, London, 1960, 

Price 25 s. net. 

Science is a continuous advance to new frontiers. Although, the geographic 
frontiers are disappearing, frontiers of Science are never ending. In the 
thirty-five most illuminating and exciting research reports that make up this 
volume frontiers of Science have boon well explored by world renowned scien- 
tists like Linus Pauling, Robert Oppenhoimer, Fred Hoyle, Sir Charles Darwin 
and twenty- eight other stahvarts of scientific researches. ; 

The present volume has been divided into three main sections : the Physical '\ 
Scienue, the Biological Sciences and Science and Society introduced respectively 1 
by George Beadle, Harrison Brown and Hunter Mead. Among many problems 
the interesting ones dealt with in this volume are the origin of life, growing 
^jopulation of the world and how to feed them, growth and reproduction of 
viruses, the structure of Jiving matters, raibation, the life cycles of stars, 
natural disturbances, its cause and effects, place of technology in civilization and 
the relation of aoience and religion. ' ’ ' 

It is needless to mention that the present volume will be extremely helpful 
not only to scientists who are carrying on researches in the subjects discussed in 
this book, but also to non-scientists who want to keep themselves ah e^ntact 
with the current scientific developments. ' ' - 

The get-up of the volume is quite good. 

(Dihp Kumar Ghosh) 
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INTERMOLECULAR POTENTIAL AND PROPERTIES 
OF ARGON 

T. B. SKIVASTAVA 

Indian Association i’od tul CnmyATioN oi’ StTniNcis. CJALcun'A-Jii 
{Iteceivcd, September 23, lOttO) 

ABSTRACT. By utiJiamg the I'oooni cojiipi-oHaibility (lain, (lio potential field of 
argon has been doteijumed on tlie Loiinard-Jonos (12'b) and iiiodolH. Tim force const- 
ants thus dotorniined on the L-J (12-()) model give a better correlation oi tlio various pi’oj)oi‘ties 
of argon than those obtained previously. A consideration of ili(» ocpiilibvimn jiroporties of 
argon lends support to the suggestion of Kihara that tbo iiotential bowl of the sphorioal 
molooules should bo wider than that given by the L-.l (12.6) model 

INTBODUCTtON 

Considerable progress has already been made in eorrclaiing the various 
bulk properties of molecules and particular success has been achieved in the 
case of spherical molecules. One of the most common forms of the intermolc- 
ciilar potential usc<l for this ])nrpose is the Lcuuard-Joiics (>; : w) potential 



M'here r is the distance between the two molecules and 6 is the potential minimum 
at r -- The cpiaiitity r„, is related to cr„, the value for wbicli <p(r) — 0, by 
the relation 



Tlieoretical considerations lead us to assume 7n — 0, but it is impossilile 
to fix 7l from theory and it is usual to determine n from best empirical fit. 

Even for spherical molecules, there I’emaiiis some uiiccrtainty about the 
best value of the index n. Several workers, Hirschfcldor, et al, (1948), Srivastava 
and Madan (1953a, 19536) and others have shown that the transport properties 
can be represented reasonably well with n = 12. Unlortuimtely due to difficulty 
in evaluating the complicated collision integrals for the transport properties, 
these have till now been evaluated only for m — 6 . ^ 12 (Hirschfelder, et. (d., 

1954) and for m = 4, = 8 (Clark- Jones, 1940), 

It has been found that amongst the equilibrium properties the second virial 
coefficient B(T) is rather insensitive to the form of potential chosen, The reason 
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for this may be found in the recent work of KeJlar and Zumino (1959) which shows 
that B{T) alone can deterjnine only the repulsive part and the width of the inter- 
molecular potential as a fmnjtion of its depth. So it appears that from a considera- 
tion of B{T) data at sufliciently high temperatures (AVhore the rexmlsive })art of the 
potential is more important), it should be iiossible to find the best value of n. 
Unfortunately, no such data exist. A serious disadvantage iji using the third 
virial coefficient, (J{T) (which is sensitive to the potential form chosen), for deter- 
mining the intermolecular ])otentiai is the difficulty of obtaining accurate values 
of 6^7'), unless the comxircssibihty data are very accurate. However, Bahadur 
and Hadan (19(10) have tried to obtain the force x^arameters on the L~J (12 : 6) 
Xiotential from C{T) data by drawling smooth curves. Very recently, Guggenheim 
and McGlashan (1960) have obtained a five parameter x>cteutial for argon by 
utilising mainly the various crystal iirox^crtics. It has however been shown by 
Jansen and McGinnies (1956) that m the erystallme state the assimixitioii of pair- 
wise additivity of the molecular forces is not strictly valid. The three-body 
long range forces in a ciystal have beon fomid to contribute a sizeable portion of 
the total Van der Waals interaction energy which becomes greater, the heavier 
the atom and the higher the density of the crystalline medium. ConHecxiit‘iifly> 
treatment of Guggenheim et, al., which is based on two-body forces, is some- 
what uncertain. 

Kihara (1953, 1955), from a consideration of B{2') and ('\T) values suggested 
that at least for the spherical molecules, the potential bowd should be \vider than 
that given by L—J (12 ; 6) xjotential, and L — J (9 : 6) model might give better 
representation of the various molecular properties. However, some of flic f'(7’) 
values used by Kihara were not very reliable. Other workers HirschfeJder, 
et 111., (1954), Beattie (1952) anti Michels (1958), have also round that the 2^—J 
(12 : 6) xKJtoiitial is incaxjable of giving a coiiqilctely satisfactory representation 
of the various equilibrium prox^erties and have suggested that the discrcxiancies 
may be duo to incorrectness of the xiotential form. It ax)X)ears therefore that 
Kihara’s suggestion requires further investigation. For this xunquise we have 
chosen to ctmsider the case of argon for which comi)re.ssibiUty and other exxieri- 
nioiital data exist in the literature in the ho}Dc that a thorough consideration of 
various x>roperties of aigon may clear up some of the uncertainties. Attempts 
have also l)eeu made to get a set of force constants on the L — ,/ (12 ; 6) model 
which will give a better corrcJalioii of the various properties of argon than that 
obtained hitherto. 

UETEKMIN ATION OF THE PABAMETERS 

We have followed the iirocedtiro of Whailey and Schneider (1955) in fitting 
the exxierimental second virial data to the Leiinard- Jones (12 ; 6) and (9 : 6) poten- 
tials. The data iiscil are those l ecently published by Michels at al. (1958) together 
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witli their earlier detenu illations (J949) in the lempei'ature raaige from -15()°C 
to +160®C. The yocond virial coofficieiit B{T) may be written as 

S(T) ^ /ojS*(T*) ... (3) 

where p is a constant depending on cr and = B{T)IB{T\ig.^h. The 

tables of B* as a function of T* have been obtained for the L-J{\2 ; 6) model 
by Hirschfelder, et al (1954) and for L—J (9 : <i) model by Epstein and Hibbert 
(1952). First the })arametcr p (which gives a) and cjk have been obtained approxi- 
mately by lollowmg the graphical pro(;ediire of Lennard- Jones (1924). Tn order 
to determine p and F.fk more accurately the method of least squares (Doming 
1943) has been applied as follows : 

Let. the approximate values of p and tjL didcrmined graphically be p^ and 
(c/^)q and 

cjk {elk)f,-K ... (4) 

... ( 6 ) 

where K and L arc small correction terms. Then the normal equations for com- 
puting the correction terms are written as 

— (I ... (6) 

S(/rn/H I- Wm- - 0 ... (7) 

with 

Fo ^ B{T)~pB*{T*) 


• 'T* ( g* ) 

F, == B*{T*). 

TABLE J 


Parameters on 

i-j (12 

: (i) and (9 : 

: 6) potentials 



L-.T (12:6) model 

L-J (9:6) model 


crA 

e[K^K 

itA 

bIK^K 

Present work 

3.418 

120.23 

3.584 

80.50 

Michels, et ah (1949) 

3.406 

110.8 

— 

— 

Whalley and 

Sohnoidor (1055) 

3.409 

119.49 

3.507 

80.64 

Hirschfolder, et cU. 
from viscosity (1964) 

3.418 

124 

__ 

— 

Bahadur and 

Madan (1960) 

3.419 

120.6 

— 

— 
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Here K p.ii and Fp are to be calculated using the absolute values 
and pfl. Eqs. (6) and (7) are then solved for K and L. If the difference between 
(c/A:)o and and ejk and p comes out to be more than a few percent the fitting 
is done by using better approximations. 

The force constants thus determined on L—J (12 : 6) and (9 : 6) models 
are shown in Table I, together with the values obtained by other workers. 

COMPAK.TSON WITH EXPERIMENT 

(a) Equilibrium Properties 

(i) Second Virml and Third Vinal Coefficients 

The experimental and calculated values of second virial coefficient B{T) 
and the third virial coefficient C{T) on Lonnard- J ones (12 : 6) and (9 : 6) models 
are shown in Table 11. For B{T) it is not possible to determine the superiority 
of the L—J (12 . 6) or the L-“/(9 : 6) potential over the other. It is, however, 
to 1)6 noted that Michels, ei al. (1958) could not fit their B{T) data at 
Iowan’ temperatures on the L—J (12 : 6) models with the force constants previously 
fletermiued by them (1949), It will be seen that wdth the force constants deter- 


TABLE 11 

Experimental and calculated values of B(T) and C{T) on the L—J (12 . 6) 
and L—J{9 ■ 6) models 


r 'K 


B(T) (c.c./mole) 



C(T) (c.c./mole)2 

Expt. 

L-J (12:6) 
calc. 

L-J (12.6) 
from 
Micholu 
et al. 

L-J (9'6) 
calc. 

Expt. 

L-J (12:0) 
oalo. 

L-J (9:6) 
model 

133.2 

-107.98 

-100.79 

-104 96 

-104.79 

2666 

1420 

1976 

13B.2 

-100.88 

- 99 09 

- 98.13 

- 98.04 

2418 

1478 

1964 

143.2 

- 94.43 

- 92.80 

- 92.22 

- 92 19 

2417 

1603 

1943 

148.2 

- 88.45 

- 87.95 

- 87.36 

- 86.77 

2357 

1605 

1913 

ir>o.7 

- 85. G4 

- 85.34 

- 83.08 

- 84.20 

2313 

1504 

1899 

153.2 

- 82.97 

- 82.81 

- 81.26 

- 81.79 

2278 

1499 

1882 

1H3.2 

- 73 25 

- 73.31 

- 72.23 

- 72 77 

2104 

1468 

1810 

173 2 

- 05.21 

- 05.03 

- 63.68 

- 66 05 

2016 

1416 

1740 

188.2 

- 54.83 

- 55.40 

- 54.16 

- 55.11 

1791 

1336 

1637 

203.2 

- 40.83 

- 47 14 

- 46.95 

- 40.93 

1711 

1255 

1571 

223 2 

- 37.43 

- 38.36 

- 37.27 

- 37.91 

1541 

1176 

1451 

248.2 

- 28.57 

- 30.61 

- 28.46 

- 28.96 

1365 

1086 

1340 

273.2 

- 21.45 

- 21 95 

- 21.49 

- 21.92 

1270 

1020 

1279 

298.2 

- 15.75 

- 15.83 

- 15.93 

- 15.98 

1160 

977 

1241 

323 2 

- 11.24 

- 11.05 

- 11.16 

- 11.38 

1130 

935 

1176 

348.2 

- 7.25 

- 7.48 

~ 7.28 

- 7.36 

1040 

905 

1139 

373.2 

- 4.0 

- 4 10 

- 3.98 

- 3.94 

1000 

883 

1110 

398.2 

- 1.18 

- 1.34 

- 1.14 

- 1.046 

970 

866 

1084 

423.2 

+ 1.38 

H 1.23 

+ 1.31 

+ 1.34 

880 

852 

1062 
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minod in this paper, the low temjieraturc B{T) values of argon can also be repre- 
sented satisfactorily on the L— J(12 . 6) modeb 

The agreement between the experimental and the calculated values of 0{T) 
is not good either for the L--J (12 : 6) or L — J (9 : 6) potential, but is definitely 
better on L—J (9 : 0) model. 

(ii) Jonle-Thomson coeffiedent 

The Joule -Thomson Coefficient at zero pressiire //® may be writteji on the 
L—J (12 : 6) model as 

= ... ( 8 ) 

TABLE III 

Experimental and the c.alculated values of the J— T coefficient ol argon 
at zero pressure in °C atm~’ 


T °K 

Expt. (a) 

flO X 10“ 

on the L"J (12;6) 
model 

jJLft X 103 

on the 1 j-»T (9:0) 
model 

123.2 

J .760 

] 648 

1 527 

137.7 

1.293 

1.386 

1 311 

148.2 

1 075 

1.217 

1.155 

160.7 

0.935 

1 070 

J 026 

173.2 

0 835 

0 088 

0 9022 

185.7 

0.756 

0.884 

0.8034 

198.2 

0.605 

0 7.36 

0.7211 

223.2 

0 578 

0 632 

0 687 

248.2 

0 4905 

0.522 

0.492 

273.2 

0.418 

0.445 

0.419 

208 2 

0.360 

0 , 388 

0.362 

323.2 

0.312 

0.330 

0.314 

348.2 

0 270 

0 304 

0 2745 

373 2 

0 236 

0 . 245 

0 . 231) 

398.2 

0.204 

0.214 

0.207 

423.2 

0.178 

O.IBG 

0 181 

473.2 

0.134 

0.140 

0.129 


(a) J. R. Roebuck and H. Osterberg, '(1934) 
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where ia the zero pressure value ot the molar specific heat, Iq — ^nNcr^ and 
dB* 

f^itction of T* 

(Flirschfeldor tt al., 1954). 

On the L—pT (9 : 6) model Epstein and Hibbert (1952) have calcjulated the 
values of B* as a function t)f 1 jT*^. From these tables the values of B* and 
B*i as functions of T*. required for calculating /i°(y'p^ vvere obtained graphically. 
The vahies thus obtained are given in apjieudix which may be utilized for the 
calculation of //,® on the h—J (9 : 6) model. The experimental and the calculated 
values of on different molecular models are given in Table III. It is interesting 
to note that Mirschfelder (1938) could not fit the oxjierimental //,“ data for argon 
on the L— J (12 ; 6) model Table III shows that the L—J (9 . 6) potential gives 
a better agreement with the experimental values of /t® than the 7v“ J (12 ; 6) 
model. 

‘ (iii) Crystal properties 

The heat of subhraation, A//|,(0) and the lattice spacing, li, both at ()"K are 
simply correlated with the lutcr-molecuIar potential provided the substance 
crystallises m the eul)ic system. The equations for the lattice spacing including 
the effect of zero point energy have been given by Corner (1948) for {n : 6) poten- 
tial which have been reduced fur the L - ./ (12 . 6) and L—J (9 • 6) potential 
as follows : 

For the L — rf (12 ■ 6) potential, 



and for L—J (9 : b) potential 



116'„ 

2, 

1 

\ R 

Y -w, 



4C„ ( 

it 

r-io. 

( »*}' 


... (9b) 

where r,n = value of r at potential minimum 


h — Planck’s constant 
m = mass of the nuilecule 
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and C'n for n ^ 1,2, etc. are numerical constants calculated by Lennard- J ones 
and Ingham (1926). Using the force constants determined in the present paper, 
the value of R was evaluated from Eqn. (9). This value of R was used for cal- 
culating the with the help of O(juation given below for (« : U) potential, 

- 2 [ ec-,. (>)" -»C'c ( '■“)*]! ... (JO) 

The values ol and R thus obtained togelher with the experimental 

values arc given in Table TV. It is to be noted thai the crystal data cannot give 
any definite inlormation about the suitability of any particular form of potential 
as it has been shown l)y McGiiiiics and Jansen (1950) that the assumption of the 
additivity of molecular force js not possibly valid m IIuj erystalliiio state. Oonso- 
quently, equations (9) and (10) which are based on tliis asHumptioiiw are somewhat 
uiicertaiiT. 


TAHLE TV 

Exp(‘rimoiital and calculated values of and R for argon 


Authors 

Exjil 

Calculatod 

Kxjjt. 

Caloulal/od 



L.J (12 C) L-J (9:0) 


L-.l (12:6) 

I.-J(9;6) 

Vroaont work 
Whalloy and 
Sclmoidor 

a 

1998 d:4() 

2010 1722 

2033-1-6 17 18 i 5 

b 

3 81 

3.73 

3 . 767 

3 908 

3.929 


(a) Whalloy and SchiKudor, (1055) 

(b) Sinioii and Von Simon, (1924) 


( 6 ) Transport properties 

(i) Viscofiiiy 

I'he experimental a]id the calculated values of viscosity of argon on L~J 
(12 . ti) model have been given in Table V. The agreement of calculatcrl values 
with the experimental data is better than that obtained by using Michels’ force 
constants. It has long been known that the liigh temperature viscosity data 
of argon caimot be represented well by the L- J (12 . 6) potential. This may 
he due to the increasing imiiortance of the iqmlshm part of the intetmoleeular 
potential at high tennierature which should vary exponentially lather than obey 
an inverse ;|3ower law. 

(ii) Thermal conductivity ; 

The experimental and calculated values of the thermal conductivity of argon^ 

is given in Table Vi. The theoretical values were calculated to the first approxi- 
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TABLE V 

Experimental and calculated values of viscosity of argon (in 10~’ gm/cm.sec) 


r “K 


Calculated 
from our 
constanlH 

Calculated 
from force 
conBl>ants 
of Michels, 

(et al). 

Calculated 
from force 
conBiants 
from 
viscosity 

Bof for 

Expt. data 

80 

688 

660 

066 

649 

a 

120 

993 

997 

1005 

979 

a 

IGO 

1298 

1319 

1332 

1.300 

a 

200 

1594 

1620 

1636 

1601 

a 

240 

1878 

1902 

1920 

1882 

a 

280 

214.5 

2166 

2182 

2143 

a 

298 

2228 

2274 

2279 

2267 

b 

675 

3G85 

3704 

3737 

3082 

c 

(I7(i 

4115 

4133 

4169 

4111 

c 

800 

4621 

4662 

4698 

4641 

u 

1200 

5947 

6066 

6113 

6083 

a 

1.500 

6778 

6953 

7161 

6983 

a 


(a) Jolinsion and Griljy, (1942) (b) Kostin and Loidonpost (105P 

(c) I’rautz Molstor and Zmk, (1930) 


Illation on the Chapman-Enskog theory (Hirschfelder, et al., 1954). It may be 
Hfjen that the force cjouatantH determined in the ])reBciit woik from the second 
virial coefficient can represent the thermal conductivity of argon almost as 
satisfaetorily as those! determined from viscosity. 


TABLE V7 

Experimental and calculated values of the thermal conductivity K 


(m 10"^ cal. cni'b sec"*, dcg"^.) for argon. 


T "K 

Expt (a) 

Calculated 
Irom our 
lorce 
constants 

Calculated 

1 voin force 
constants ol‘ 
Michel, cC al. 

Calculated 
from Ibrce 
constants 
from viscosity 

90.23 

141 

139 

140 

137 

194.7 

293 

295 

298 

292 

273.2 

394 

395 

399 

392 

373.2 

506 

505 

509 

504 

491.2 

614 

618 

623 

619 

579.2 

684 

694 

700 

696 


(a) Kannnluik and Carman, (1962) 


COKCLD SIONB 

(1) A consideration of the equilibrium properties of argon lends support to 
the suggestion of Kihara that the potential bowl of the spherical molecules should 
be wider than that given by the L—J (12 ; 6) model. The fact that the high 
temperature transport properties requii*e. a value of index of repulsion higher 
than 12 may be due to the inadequacy of inverse power repulsion at higher 
temperature. Hence at moderate temperature a L—J (9 ; 6) model may possibly 
give a better representation of the potential field, than a h — J (12 : 6) potential. 
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(2)' The set of force constants obtoinocL on the L— *7(12 :6) potential in 
this paper gives a more consistent representation of tlie various properties of 
argon than those hitherto tjhtaiiied . 
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APPEXDIX 

The values of Ji* arul T* on the L -J (9 : 0) niotlel were obtained graplii- 

eally irom the table given iiy BpHteui and Hibbert (l{)ri2). The values Ihufi 
obtained are given in Table VIl. This table may be used to ealeulatc the *Joulc- 
Thomsoii Coefficient at Koro pressure on the h — J (9:6) model. 

2 
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TABLE VII 

Table for B* and ^ ealculating the zero-pressure Joule- 

Thomsun Coeffiilent on L — J (0 : 6) model 


T * 

B * 

B ,* 

T * 

B * 

Bi * 

0.5 

- 11.19 

17.25 

3.1 

- 0.365 

1.085 

0.55 

- 9.40 

16.51 

3 2 

-0 322 

1 .043 

0.00 

- 7.94 

13.80 

3 3 

- 0.275 

1.010 

0 05 

- 6.98 

11.70 

3.4 

0.248 

0.975 

0.70 

- 6.17 

10.15 

3 5 

- 0.220 

0.940 

0.75 

- 5.52 

9 00 

3.6 

- 0.188 

0.923 

0.85 

- 4 52 

7.31 

3.7 

-0 163 

0.882 

0 90 

- 4 04 

6.58 

3.8 

- 0.134 

0.807 

0.95 

- 3.74 

6 03 

3 9 

-0 110 

0.835 

1 0 

- 3.46 

5 3 

4 0 

-0 085 

0 810 

1.1 

- 2 97 

4.62 

4 1 

- 0.068 

0.788 

1.2 

— 2.50 

4.03 

4.2 

-0 053 

0,766 

J,3 

- 2 25 

3.62 

4.3 

- 0.033 

0.740 

1.4 

- 2.00 

3.23 

4 4 

- 0.017 

0.73 

1 5 

- 1.78 

2.91 

4.5 

- 0.002 

0.695 

1 6 

- 1 58 

2.69 

4.6 

- 1 - 0.012 

0.680 

1.7 

- 1 42 

2.49 

4.7 

- 1 - 0.038 

0 665 

1.8 

- 1 29 

2.29 

4 8 

+ 0.042 

0.650 

1.9 

- 1 15 

2 12 

4 9 

+ 0.053 

0.638 

2.0 

- 1.05 

1.96 

5.0 

- 1 - 0 . U63 

0.620 

2.1 

- 0 958 

1.84 

6.0 

+ 0.161 

0.568 

2, 2 

- 0.868 

1.702 

7.0 

- 1 - 0.23 

0 426 

2.3 

- 0.787 

1.002 

8.0 

+ 0.28 

0.356 

2.4 

- 0 714 

1 502 

9.0 

+ 0.317 

0.302 

2.5 

— 0.646 

1 410 

10.0 

- 1 - 0.346 

-- 0.245 

2.6 

- 0.585 

1.338 

11.0 

+ 0.365 

0.187 

2.7 

- 0 530 

1 27 

12.0 

+ 0.381 

0.150 

2.8 

- 0.477 

1.21 

13.0 

+ 0.395 

0.104 

2.9 

- 0.435 

1.165 

14.0 

+ 0.405 

0.084 

3 0 

- 0.390 

1 11 

15.0 

+ 0.416 

0.0676 
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A NOTE ON SOME TUNABLE OSCILLATORS 
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Allahabad 
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ABSTRACT. Some arraugeiuontH of voliage tunable Iwo-piiih oseillators cnjiublo 
of largo frequency deviation are ill sf'UHKod. Po^sibk* combinations of tbo transfer funotions 
of the individual jiaths together witli tho inning equation and 1 ho constraints lor stable 
amplitude of OBcilJation are given In some circuit aiTangoments the variation of Iroquoncy 
with modulating voltage is found to bo linear over a wide range. 

The jireseut note diacusses some circuit arrangements of voltage tunable 
oseillators whieb arc thcoret ieally capable of very large froqueiioy deviation. In 
practical arrangements a frequency tuiimg ratio of two to one and in some eaaoa 
live to one have been achieved. Tuning is accompliabed by means of variation 
of the gains of the individual paths of a two-fiath oscillator. 



Fig. l. Schematic diagram of a iwo-feodback loop. 

If (t^(p) and G 2 (p) are the transfer lunctions of the two paths of the feedback 
loop in Fig. 1 the charactei'istic equation of the loop is given by 

- I * ... (1) 

Here and iig are the gain multiplying factors and are in general variable in 
accordance with the tuning voltage. If the adder is non-idcal and has a transfer 
function F(p) then Eq. (1) is modified to 

K,0,+Kfi, = ^ (La) 

The condition for proper working is that the ini aginary axis be the root locus 
with unity feedback. 

In Table I some possible combinations of transfer functions together with 
the tuning equation and the constraints for stable amplitude of oscillation are 
♦ Now at the Institute of Badio Physics and Electronics, University of Calcutta, 
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fii'oseiitod. All tlie oirciiits have tlie propei’ty that in theory it ahonld be possible 
(o lunt‘ their i'recpieney of operation electronically from very low to very high 
fretjuencicK. Fiirthet'inore the magnitude of their positive fecdbaik voltage 
should be independent iif the frequency ol resonance. In some arrangeinents 
the cuive of frequency versus modulating voltage is linear over a wide range. 
In a few arj“angemeiits where the stray capacitances can be taken into account 
in forming the transfer functions the tuning range can obviously be extended to 
figure of merit of the tubers enqiloyed or a fraction of it deiicndiiig on the gain 
required 

Ti will be observed that ty^ics 1-6 are praetical at audio frequencies, types 
1 , 5 and 6 at low and very low' frequencies, W'hilc ty])es 16,7 and S arc useful at 
radio frequencies. In Fig. 2(a) and Fig. 2(b) are presented circuit arrangements 



Fig. :J(a). Schoniaiic diagram of th 9 circuit 
arrangi'inent of type I for low anrl very 
low frequencies 



Fir, 2(1)) Sohoinatic dingram of the 
circuit nnangement of lype I for 
A. F. and B. F. 


of osiillator of type 1 for use at low and at radio frequencios For MF an 
interesting form derived from type 6 making use of delay lines lan be made 
as shonn in Fig. 3(a) and (b). Its tuning equation is 

wd “ cos“i(— A\/2) (2) 



Fig. ,1(a). Schomatio diagram of a circuit 
arrangomojit of t.yp 0 6, 



Fig. :i(b). Functional diagram of 
typo 6. 


The freipicncy of excursion in this case is hinitcd to . The linearity of modu- 
lation around has been observed to be quite good. It is to be noted that 
4o 
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ill arrangements of types 6, 7 and 8, means will have to be adapted to supress 
harmonioH. 


The forms 1 — 5 have identical characteristic equations. However the way 
nonlinearities enter into the equation is different and consequently the amplitude 
stability and other related properties will be different. The nonlinear defining 
equations in the different cases are also presented in Table I. F{x) represents 
the nonlinear parameter basically governing the ainplitiule of oscillation. 


It has been found that the variation of frequency is limited in practice to a 
ratio of five to one in types 1 — 5, Avhile in the rest it is about two to one. It is 
thought that this may be due to the very considerable variation of the slope ol 
the loop phase shift. Another cause is the non-ideal behaviour of the adder. 

The disturbing effect of the adder can be removed in the following manner. 

Suiiposing that the transfer function of the adder is the modified loop, 

equation is 

... (i.P) 


The characteristic equation of the loop in the oscillating condition will now be 


... (3) 

It will be found in this case that both and arc to be varied. 'For type 1 
for example and are related by 

(26+])(2-l-6) = ... (4) 

TUNABLE AMPLIFIEBS 


It is evident that at a gain setting smaller than that recpiired for self- 
oscillation all the circuits can be used as tunable amplifiers and hence as spectrum 
analysers. The nature of the selectivity curve and the variation of the maximum 
output of the response curve with the tuning frequency will obviously depend on 
the point of observation of the output as well as the nature of the transfer functions. 
In the (bagram of Fig. 1 for example for inputs E^ and E^^ applied respectively 
at the input to Oi circuit, circuit and the adder the voltage outputs at the 
corresponding output points will be given by 

' ... (6.a) 

«i 

= f . ... (5.6) 




... (6c) 
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where ^ 

111 the arrangement of Fig. 1, for example, if be the input applied to the 
adder the output f *2 will be given by 




at 2J ^ jM\, 


The peak of leBponsc will therefore depend on the tuning ire(|uency. If on the 
other hand, the voltage obtained at the output of circjuit in transmitted 

through a eireuit having a transfer fiinetion ^ one ol)tamH a transfer cluiraeter- 

istie whieh does not depend on the tuning frequency. It should be noted that a 
much simpler solution is possible for the arrangement of type 3. 

K J5 F E K K N (1 E H 

Audursun, F. B., lOfiJ, Proc. I. B, E., 39, 881. 

Delange, O. E , 1941), Proc. I. R. E., 37, 1328. 

Stowart. J. L , Bins. Proc. I. B. E., 43, 589. 
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PJate VIIT 

ABSTRACT. Cn tlw proHorit paper Icntativo asHif^muoiii of 1/ho vibrational fi iMiuonoics 
ol iho moloculoH of 2, 4-an(l U, 4-(ii(jh]oiotoJuoiin ami J, 2, 4-ti*iolilorob(tn/.nno lias boon jiroposod 
from an analysis of ilio Hainan and in/raiod spuotra ol tlio coiu])oinuls. The Kaiuan spectra 
of tho dichloroiiulonoB havi! boon invosiigatod at. -180'^tl anti it has been obsorvod that soino 
of tho mtramolcoLilar xobrations arc affoctotl aiul a fovi low froqnenoy lines an' exhibited 
by tho ooinpoundH at tlu' low tomporaturo. Jilxplunation of those olxangos hiis bueii nffoied 
m torniH of osHOoiation of tho inoloeulos at tho low tPin|ioiatiuo. It has also boi'n obsorvod 
that in the solid state at - 180''(1 both the oompounds yield luniuioBeenoo bands and the 0— D 
valenoo oseiilution aiipears to bo coupled with tho oleol'roiiic transition giving rise to those 
bauds. 

TNTRODUCTI ON 

It is known ti'oin previous investigations (Jliswas, 1954, 19550., b, Sanyal, 
195;!) that the Itainau spectra of mono- and disuhsti tided benzene (ompounds 
uudorgo changes and new low frequency liaman linc.s appear in the Kjiectra with 
ehaiige ol state and JowTruig of toinperatiire, depending on the naturi^ and relative 
positions of the snbstituentiS In the present work, such investigation lias been 
extended to iWo trisubstitnled benzene compounds, viz,, 2,4- and Ij, 4-dicJiloio- 
tolnene. In order to understand the significance of the changes, it is iieee,ssary 
to assign the inolceiilar trequencics, and both infrared and Hainan s^ieetra of the 
conipounds were studied for this purpose. As a eonipavison with 1, 2, 4-trichloro- 
benzene would be lielfiful in malting the assigunieiits, the infrared s])ectnim of this 
coinpound wa.s also recorded in the present investigation and the data for the 
Hainan spectra obtained by Miikherjce (I960) have been utilised. The propo.sed 
assignments of the freipicucies of all the three conijiouuds and the obscrvcil 
changes in the Hainan spectra of 2, 4- and 3, 4-dichlot()toliiene with solidification 
have been discussed in this paper. 

EXPERIMENTAL 

The liquids weie supplied by Fisber .Scientific aiul Co,, U.S.A. and v^ere 
repeatedly subjected to both fractional and vacuum distillation before each 
exposure. Tn the case of the dichlorotoluenes two spectrograms, one with snit- 
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able light filters and another without filters, were obtained both for the li(j[uiii 
and solid states. The experimental arrangement for recording tho Kaiuaii 
spectra in tho solid state was the same as that reported earlier (Deb, I960), Tlio 
polarisation of the Raman lines W'as also studied by photographing the two 
components simultaneously Mith the help of a double image prism. The Raman 
spectra were photographeil on Ilford Zenith plates using a Fuess glass spcciro- 
graph givuig a dispersion of about 1 1 A per nmi in the 4046 A region. 

The infrared absoi-jition sjiectra were recorded with a revkin-Elmor Model 
21 spectrophotometer with NaOl optics. Tliiii films of the licjuids at the room 
temperature pressed bctM'een two rocksalt plates were used io obtain the absorp- 
tion spectra. 

R E S U L T H A N D I S C U H ,S 1 (> N 

The spectrograms showing the Jiaman linos of 2, 4-aml 3, 4-diehlorotoluone in 
the liquid and solid states are reproduced in Figs. I and 2, Plate Vlll and the infra- 
red absorption curves of the dichlorot-oluoncs and 1 , 2, 4-triehlorobenzone arc shov^ n 
in Figs. 3, 4 and 5- The frequency shifis of the Raman lines and the observed 
infrared frequencies in cin'^ of the three compounds are given in T’ablcs I, II 
and III, the Raman frequencies for 1, 2, 4-trichloro benzene being taken from 
Mukherjeo’s results (Mukhci jce, i960). The state of polarisation of Raman lines 
arc indicated by the letters T’ and '!)' which mean qmlarised’ and T,otalIy depola- 
rised’ respectively. The frequencies lower than 600 cm could not be studied 
in the inlrared because of the limitation of the NaCl ojitics used. 

(a) Absignment of molecular frequencies of 2, 4- and 3, 4- dichloroloLuene and 

1,2, 4- trieJUorohenzene. 

The strong Raman lines at 705 cm“^, 6S5 cm and 675 cni’'^ observed in tho 
ease of 2,4-dichlorotoluene, 3, 4-dichIorotoluene ami 1, 2, 4-triehlorobenzcne 
respectively (698, 682 and 675 cm-^ in tho infrared) may be assigned to a C— 01 
vibration arising from a^g, e.,g and e^u vibrations in benzene, all of which 
becomea'-typo vibration in these compounds having Cg symmetry. The polaii- 
sation data support this assignment which is also in agreement with the 
results for mono- and dichlorobonzoncs (vSponer and Kirby- Smith, 1941). There 
would also be components arising Iroan these modes with frequencies of C — H 
valence oscillation of a'-type. They are likely to be represented by the lines 
3062, 3062 and 3066 cin-^ fur the three coniiiounds. We should also expect a 
corresponding C — CHg stretching oscillation in the case of the dichlorotoluenes 
and actually tho Raman spectra of the two dichlorotoluenes show linos at 1203 
and 1211 cm-'^ which should represent this vibration, there being no corresponding 
line in the spectrum of 1, 2, 4-trichIorobenzeue. The depolarised lines 2926 cm"^ 
of 2, 4-dichlorotolucno and 2938 cm“i of 3, 4-dichlorotoluene have also no eounter- 


3 
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TABLE I 

Kaiuan and infrared. Bpeclra of 2, 4- dichlorotoluene 


Human nhift in um < 


Liquid at 3(>°(! 


Liundolt-HomBboin ProBont 

(19i)l) aubhoi'R 


Solid at 
-1S0“(! 


— Inlrarod bands 
Wavo No, in om-J 
and intensity 


122 (3) 

IHl (7) 

127 (2) 
181 (6) 

e. k D 

1 o, k D 

28 (3) 

42 (1) 

84 (4b) 

101 (1) 

160 (lb) 


202 (H) 

202 (8) 

Jie, k D 

205 (4b) 


265 (0) 

269 (0) 

Ic 

268 ( 1 ) 


311 (5) 

312(6) 

+ 0, k 1) 

318 (3) 


378 (7) 

380 (8) 

±&, k P 

380 (3) 


400 (3) 

402 (3) 

o, k P 

101 (1) 


462 (4) 

464 (4) 

e, k P 

464 (2) 


542 (0) 

645 (3) 

646 (3) 

o, k D 

653 ( I ) 


704 (OJ 

705 (8) 

9, k P 

706 (6) 

698 (w) 

832 (6) 

834 (8) 

o. k P 

833 (6) 

799 (a) 

825 (B) 

1046 (0) 

1049 (1) 

o, k 

1048 (0) 

852 (w) 

983 (w) 
1044 (ms) 

1 1 05 (5) 

1108 (4) 

©, k P 

1107 (2) 

1088 (mb) 

1148 (3) 

1145 (4) 

o, kP 

1148 (0) 

1122 (vw) 

1203 (6) 

1204 (6) 

n, k P 

1210 (6) 


1251 (1) 

1255 (1) 

o, k P 

1257 (0) 


1878 (4) 

1302 (1) 
1382 (6) 

o, k P 
o, k P 

1301 (0) 

' 1383 (5) 

J 372 (m) 

1437 (0) 

1438 (0) 

o, k 

1440 (0) 

1^8 (w) 

1590 (5b) 

1592 (Gb) o, k D 

1591 (1) 

1460 (s) 
1558 (vw) 
1580 (vw) 

2029 (1) 

2925 (4b) o, k D 

2926 (1) 


8061 (0) 

3062 (J) 

o. k 

3060 (0) 
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TABLE II 


VJ lJUi.U.^UV< 


Bamon. alnB aii ^ 


Liiqmd at 30° C 

Solid at ' 

-iao°c 

i Wavo "No in cin.-^ 

\ and Intensity 


46 (1) 

76 (0 


127 (2b) - 1 - 0 . k D 

145 (2) 


202 (6b) io, 0 

202 (3) 


269 (0) ft, k 0 

269 (Ob) 


312 (6) -J.o, k 0 

316 (1) 


.368 (-1) ±o, k P 

366 (2) 


436 (6) dbo. k P 

433 (4) 


463 (6) io. k P 

667 (obb) e, k 

401 (3) 


624 (obb) e. k 

646 (ob) o, k 

646 (0) 


686 (7) o, k P 

680 (8) 

682 (m) 

805 (vb) 

870 (4) 0, k P 

870 (.3) 

866 (B) 

941 (vwr) 

998 (vw) 

1030 (4 ) ft. k P 

1036 (2) 

1030 (b) 

1101 (0) o 

1100 (0) 

1130 (b) 

1136(5) ft. kP 

1146 (2) 

1170 (1) 

1142 (vvw) 

1211(6) o, kP 

1215 (6) 

1211 (vvw) 

1258 (w) 


1276 (lb) 
1381 (4) 
1443 (lb) 
1457 (lb) 
1470 (0) 
1598 (6) 
2938 (6) 
3062 ( 1 ) 


e, k 0 
e, k P 

f> 

o 

o 

ft, kD 
o, k D 
ft, kP 


1276 (0) 
1377 (4) 


1596 (1) 
2938 (0) 
3062 (0) 


1381 (b) 
1420 (vvw) 

1469 (VB) 
1592 (w) 


667 








X . TABLE 

^ - vr, 

iEaman find infrared Bpe^|& of 1 , 2t 4'1;r^hbrob^.eiie 


Raman diifbin om-^ 
Liquid at.30*^ 
■iMiddaerjee, 1900) 

handfl 

Wawu No. and ; 

, ► Intenaily 

119 (2) 

o, k 


182 (2) 

0, k 


' 195(4) 

o, k 


ajio (1) 

e>, k 


332 (3) ±G, k 


308 (2) 

o, Ic P 

. 

450 (2) 

6. k 


073 (5) 

0, k 

675 (m) 

816 (0) 

0, k 

810 (vs) 

808 (0)* 


865 (s) 

1034 (3) 

e, kP 

1052 (h) 

1090 (1) 

0,kP 

1096 (vs) 

1124 (2) 

0, k 

1122 (S)^ 

1158 (4) 

0, k 

' ' ' f ■ ' - 

1261 (1)* 


1243 (m)' ' ' 

1375 (0) 

o, k 

1376 (b) ' 



1419 (w) 



1459 (vs) 



1490 (vw) 

1571 (6b) 

«, k 

1666 (s) 

A 


3 020 (vvw) 

.'f 


1725 (vw) 

' 3066 ^5) 

k 

3090 (m) 


’ * ThABo firqUetijoies are taken from LanddHtiBomstoin’a 

<lS5l),taWeB. / 

' in df ^., 2, 4-trich]oTob6nzene and are thus expected to arise 

from a mode ol*vJibra^n ba the methyl group. Froni analogy with other methy- 
lated, compounds, tha^^ been attributed to the asymmetric stretching of the 
0 — bond in the n^thyl group. , 
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etc. 


; -iiirr: 


,r The fiequcncioB 1145 alld llOSeni"^ of 2, ^191 

omj* of 3, 4-dicMorotolucn&, aiid 1158 and 1098 cni'^ of 1,2, 4-triohlor()bonzcno 



Fig. 3. Infrarod Bpetitirum of 2,4-" diohlorotoluone (Uq\iid at 26“0) 

are probably doe to a'-type vibration originating from egj and modes in benzene, 
the frequencies representing C — in-pla.ne deformation vibration. It may be 
noted that these lines are all polarised and the frequencies are only weakly active 
in the infrared. The Raman lines 1049, 1030 and 1052 cm“^ respectively of the 
two dichlorotoluenes and the trichlorobonzene may be due to a component of 
the (1036 cm“i) mode of benzene. 

As can be seen from the tables, that 2, 4- and 3, 4-dichlorotoluene and 1, 2, 4- 
trichlorobenzeUo khow strong infrared bands at 1400, 1469 and 1459 cm"^ respec- 
tively, which are either absent or very weak in the Raman effect, and also hands 
at 1 372, 1381 and 1370 cm-^ respectively. It is well known that within the methyl 
group in methyl substituted benzenes there are bands due to asymmetric and 
symmetric C — bending oscillation falling in the 1460 and 1381 cni"^ regions. 
But the presence of strong bands at 1469 and 1376 cm'^ in the infrared spectrum 
of 1, 2, 4- trichlorobenzene clearly indicates that the similar frequencies observed 
in the dichlorotoluenes cannot be uniquely assigned to vibrations in the CHb 
group, for they may be due to some other suitable modes of vibration of the 
molecules themselves. From the discussions of previous workers, the 1400, 
1460 and 1469 om~i bands due to the three compounds appear to represent a 
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component of the mode of frequency 14S;) cm~^ in benzene. The frequencies 
1372, 1381 and 137Goin~^ may represent another component of the same mode. 
In the case of the dioldorotolueuos the bending morles of methyl group may be 
supeiposed on these fi-eqiicjicics. The bands near 1430 cm"i due to the dichloro- 
tohicnes may be attributed to a second eoinponcnt of the asymmetric bending 
in the methyl gioup usually observed in the methyl substituted compounds 
(Sheppard et ul, 1953). The Raman lines 1592 cm“^ of 2, 4-dic*hlorotoluene, 1598 
cm~i of 3, 4-dichlorotolnenp and 1591 cin-^ of 1, 2, 4-trichlorobenzene correspond 
in all probability to a component of mode in benzene of frcquciKjy 1596 cm“^. 
The observed infrared frequencies arc 1580, 1592 and 1566 cin"^ respectively, 
the other eomixments in infrared are probably the frequencies 1558, 1564 and 
1550 cm“^ respectively. 

Tn all those three molecules vith C, symmetry, the 606 cm Pai/ vibration 
in benzene splits up into two o/ components and these may be idontihed with 



Fig. 4. Infrared epectruni of 3,4- dichlorotolueno (liquid at 26'’C) 

the polarised Raman lines 380 and 464 cm~^ of 2, 4-dichlorotoluene, 368 and 
463 cm”^ of 3, 4-dichlovotoluene and 332 and 459 cm“^ of 1, 2, 4- trichlorobenzene, 
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In each case, the lower f)f the two frequencies would correapond to the mode 
in which all the atoms arc displaced. 

As discussed above, there are four bejidiiig modes m the plane of the benzene 
molecule viz., rzgj, (J29S em"^), (1170 cni“^). e.^ (1178 cm~^) and (1035 cnr^). 

These become «'-lype vibrations in the ease of C, symmeiry and are expected to 
give rise to frecpiencies corresponding to chlorine bending vibration. The three 
polarised Raman lines at 402, 435 and 395 cni~i‘iu the case of the throe compounds 
may concsj)ond to one such mode. At least another component of low frequency 
should be found near 200 cm“^ (Sponei and Kirby-Smith, 1941) but the doplora- 
risation of the observed hues ii/this region presents difficulty m assignment of 
this mode. 

Out of the four hydrogen bending vibrations (n^y, e^u rq^) iiei jicudicular 
to the plane of the ring in benzene, there .should result a" type bending vibrations 



6C» 800 lOOO nOO *400 I600 1800 Cm"' 


I'ig. 5. Infrared spectrum of 1 ,2,41- i ichlorobeiizoiio (lupiid at 26‘’C) 
of hydrogen, chlorine and probably of methyl group, giving rise to depolarised 
Reiman lines. It is known trom previous rosults that 1 , 2 4-trisubstiinted benzene 
compounds iisiially exhibit infrai-ed baud eorresponding to a C — H out of plane 
deformation near 800 cm (Bellamy, 1954). Accordingly, the bands 799, 806 
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ami SlO car ^ observed in tlio inlrared spectra of 2, 4-and 3, 4-dichlorotoluene and 
1 , 2 , 4-trichloro benzene may be taken to correspond to this vibration, but the absence 
of any corrospoiiding Raman line in the case of all the three compounds is difficult 
to interpret as no line is expected to be forbidden in the Raman effect of compounds 
with (' (j, symmetry. The tw^o depolarised low frequency Raman lines 181 cin,"^ 
and 202 enr^ for 2, 4-diohlorotolucnc, and 182 and 195 cm"^ for 1, 2, 4-trichloro- 
beazeiie correspond in all probability to components of out of xdane chlorine bend- 
ing modes. The value of 181 cm“^ is probably a little higher in the case of 3, 4- 
dichlorotolueJie as is evident from the bioadness of the 202 cm-i line. Biswas 
(1958) has jjroposed the alteruative asHignment for line near 202 cm“‘ observed in 
clilorotolucnes, that these may be rlue to dimeric iyi)e of associated molecules 
present m the liquid. T’his will bo taken u]) while discussing the Raman effect 
at low tempcratuj'os. In both 2, 4- and 3, 4-dichlorotolueue, a depolarised line 
at 209 cm~^ is observed, while there is no con*eH])onding line in 1, 2, 4- tri- 
chlorobenzene. This may indieate that this frequency originates from a motion 
of the methyl group and we xuopose to associate it with C — CFTa out of plane 
deformation. 

The 62 ^^ and modes of out ol iilaiio carbon vibration in benzene will i)roduce 
a" type vibrations giving depolarised Raman lines. One of the conqjonents of 
the mode which will be only slightly affected is ju'obably the 312 cm“^ lino bi 
the dichloro toluenes and 310 cm“^ m 1, 2, 4-triehloro benzene. The othei lower 
component may bo detected in the 127 eiri*^ line in the dicblorotoluenes and 
probably the 112 cm-^ Ibie in 1,2,4- trichlorobonzeiie. The 045 cm-J Ime may 
be the eoiitribution of the mode. * 

In the Raman spectra of dichlorotolucncs two sii’ong polaiiscd lines at 834 
and 870 cin"'^ have been observed (825 and 865 cm”^ in the infrared). These 
tnay bo a' vibration originating from and modes in benzene, though 

it is difficult to xjrojjose any definite intorjirctation of these bands. 

(b) (jhatKjea in the intramolacular oscillations of 2, 4- and 3, ^-dichlorotoluent in 

the solid state at — 180®C. 

In the Raman siiectra of both 2, 4- and 3, 4-dichlorotoluene a line at 127 
cm is observed which is found to disajipear m the spectra of the solids. Further, 
in the case of 2, 4-dichloro toluene the 181 cni"^ line is also absent and a new line at 
160 cm~i is observed at — 1 SO^C. In the case of 3, 4-dichlorotoluene the broad band 
at202cm"^ becomes sharp while a newline at 145 cm~^ appears when the comi)Ound 
is solidified. 'Phese changes jirobably indicate that in the solid state at — ISO^C, 
the molecules of the comj)ounds become associated resulting in restriction of some 
vibrations of the single molecules. This jirobably causes the 0— Cl out of plane 
bending vibration of frequency 181 cm“^ in the case of 2, 4-dichlorotoluene and 
Olio component of the mode of frequoney 202 cm -* of 3, 4-dichlorotolueno to shift 
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to lower euergiea and the lower ooinpoueni of C — C out of plane deformation 
vibration of frequency 127 cm~^ to disappear. The absence of any appreciable 
shift of the 202 cm“^ line due to 2, 4:*tlichlorotoluene and the other component 
of 202 cni"' line due to .‘1, 4-dichlorotoluene may be due to the tact that these 
lines have their ’origin hi a motion of dimeric moloeules present in tlie liquid state 
as proposed by Biswas (1958) m the case of moiioehlorotoluenes. 

When 2, 4-dichlorotolucno is .solidified and cooled to -- ISO^’C the lines 312, 
646 and 1204 cm-’ are sliifted to 318, 653 and 1210 cm ^ respectively without 
any appreciable- changes ni the relative intensity. Thus the cojuponent ol 0 C- 
out of plane deformation vibrations ol frequencies 312 and 646 cm ’ which are 
largely unaffected by substitution are found to be only slight ly inllueiiced by asso- 
ciation of the molecules in the solid state In the case of 3, 4-dichlorotoluene, 

. the lines 686 and 1 030 cm-’ arc shifted to 680 and 1026 cm ’ respectively Further, 
the strong line at 11 35 cm-’ splits up into two hues at 1146 and 11/0 cm 
rcspectivcl 3 ^ it is also observed that the relative intensities oi lines 1592 and 
2926 cm ’ of 2, 4-dichloi'otoluene and 1598 and 2938 cm-' (»f 3, 4-dichlorotolucne 
are reduced in the solid slate at — 180"C. The (limiinilioii in intensity ol the 
lines of frecjneiu-ies 1592 and 1598 cin-‘ due f o a mode involving stretching of the 
(t 0 bond may indicate that in the case of both these molecules foi jnation of 
associated groiqis takes ])laee at the exxieii.se ol tlie hoiul. 

(c) Low frequency Raman Hues m 2, 4- and 3, ■^•dicfdotololnenv 

In the solid state at ~180'’C, the 2,4-dichloiotolnene exhibits llamaii lines 
at 28, 42, 84 and 101 em"* in the low iiequencv region, tin* lines at 28 and 84 
cm being relatively stronger. On the other hand, J, 4-djr'hlorotoluene under 
similar condition yields only two low freiiuency Kanuin lines at 46 and 76 em“‘ 
respectively. Probably the mimher of types of associated groups m tJic case 


TABLK IV 

Liiininosoenc e spectra of 2, 4- and 3, 4-dichlorotolucne in the solid state at 1 80 C 


U, 4-Diohloiotolouuo 3, 4-DiohlorQtoluoiio 

at -ISO^C at -180 0 


Position of 
hands in cm- 1 
and 

Intensity 


227 J 7 (rns) 
21197 (lUH) 


(Separation 
m cm- 1 lioiu 
the first baud 


0 

J 520 


POHJtlOU ol 
hands m fin i 
and 

Intensity 


24180 (w) 

22550 (h) 

21197 (msi 
20889 (ms) 


Soparatiou 
HI enr 1 Irom 
the fir at hand 


0 

1632 

2983 

3291 


4 
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of 3, 4-diolilorotoJuene is smaller than that in 2, 4-clichlorotolueiae because of 
proximity of the chlorine atoms in the 3- and 4 positions in the former molecule. 

(d) fjumi'm'scence. spvdra of 2, 4- and 3, 4- dichloroiolumt at — 180“C 

When 2, 4-dichlorotoluenc is frozen and cooled to — 180°0, two strong and 
very broad luminescence bauds with centres at about 22717 and 21197 cni”^ 
arc observed and the separation 1520 em '^ between the components approximates 
to (J - C vibrational Ji injiieney. In the case of 3, 4-di(;hlorotoluene, four broad 
bands are observed at 241 SO, 22551), 21197 and 20SS9 cm ^ rcsiieetively. The 
.scjiaratioii of the last three bands from the lir.st one ar(‘ 1032, 2983 and 3291 ciii“l 
respectively. In this ease also the (1 — (! vdbratioii is prominent as the 1632 
cm~^ frequency, the 3291 enr^ frequency hemg approximately the first harmonic 
of 1632 cm '^ The other freipiency .separation 2983 cm"^ may repiesent a C— H 
valence oscillation. It may be mentioned here that in the case of other ehloro 
and hromo substituted toluenes, liiswa-s (1954, 1955) and 8anyal (1953) observed 
similar broad lumine,sceu(^e bands with a frequeiiey separation approximating to 
(1 — vibrational frequeiiey. Further, in all these eompounds the associated 
grou})S in the solid stale at — 180"() are apparently formed at the expense of the 
C -- C bond as is evident from dimimition in intensity of tins vibrational iVe(iucney 
at the low temperature. It is, therefore, mtei’estiiig to note that this particular 
mode IS coupled with the electioiue transition giving rise to the luminescence 
spectra exliihitefl hy these compounds in (he solid state' at low temperature. 

A U K K 0 W L E D G M K N T 

The anthois are ludelited to Professor S. 0. Sirkar, D.Sc., P.Nl. for hi.s keen 
interest and valuable suggestions and also to Mr. C. S. Kastha for helpful (fiscus- 
sions. 

i 

KJE'Ia’ e r e k c e s 

HoUainy, L. J., illut. The Jufnivod Spectia of Complex MoIocuIrk. 

Riswas, 1). C., 19.54, hid. J. Phy6,, 28, 54. 

I1)55a, Ind. J Phyn., 29, 02. 

„ ll)55b, hid, J. Phys., 29, 74 

,, 1958, l),8(j. 9’hosiH oftUo Calcutta Uaivorsity 

Dob, K. K. 1900, Ind. J. Phys., 84, 247. 

Landolt-Bornstoin, 1951, Zahlonworfco mid Fimktiomju, 1 Eimd, Atom \ind Molekular 
l^hysik, jjp. 523-24. 

Mulchorjon, D. K,, 1900, Unpuhlishod results (privato comiiumication). 

Sanyal, 8. H. 1953, hid. J. Phys., 23, 447. 

8hoppord, N. and Simpson, D. M., 1963, Qmit. liev., 7, 19. 

Sponpr, H- and Kirby-Simth, ,1 S., 1941, J. Chem. Phys., 9, 607, 



6 ? 


ULTRASONIC VELOCITY IN SOME AQUEOUS 
SOLUTIONS OF ELECTROLYTES 

T>. It. K L. J*AT)MINI ani. B. RAMACHANPRA KAO 

(Ulthasonic Lai»ob.atoiiie8, Anbhua ITnivebbity, Waltaih) 

{Received, JtRy 22, I960) 

ABSTRACT. Tho variation of ulti-anonio ^’-olocity, adiabatir coniprossibility, apparent 
molal compressibility and molar somrd velocity with ooiicciitiation is studied in oleven electro- 
lyto solutions. The results are intor]n‘et.od m tho light ol Debyo-|iruckel’s theory of oloctro- 
lytes. Tho liydration numbers uro estimated for all the electrolytes ami compared with tho 
data obtamod by other methods. Non-lmoar I'^ariationa of molar sound v’^olocity witli molar 
concentration observed in some caaoa is oxplamed m terms of molecular assooial.ion and ionic 
solvation. 


1. JNTllOBtJCTTON 

UJtrafionic vehicity nioasurmnent.B in elocirolytic solnlioiiK ares of couRitlcrablo 
imporlanoe as iliey oiiahle ns to test the validity of the scvei'al theories of electro- 
lyte soJutioiiH. Besides it has been possibh* to estimate tlie number of water 
molecules attached to the ions iu sohitioii. known as hydration number. Following 
the theory of Dcbyc-liuekel. Griickcr (1933) has derived certain limiting laws 
for tho apparent molal coinpresHibility and mtorproted his experimental data 
in the light ol this theory. iSubsequently ’Baehom (193G), Scot, Obeiihaus and 
Wilson (1934). Krislimimurly (1950), llao and Rao (1958) siudied the apparent 
molal cfinipvessdidities in several solutions of eleidroly tos ol different valence typos 
and reported deviations from the limiting Jaws While studying variations of 
ultrasonic velocities iu solutions of electrolytes certain unusual features like de- 
crease ol velocity with im rease of concentration liave also been rcdiorkul by some 
investigators iii a few electrolytes namely, potassium iodide, lead nitrate, lead 
acetate and uranyl acetate. Very recently, Marks (190(1) has calculated the 
hydration iiuiiibcrH for salts of alkali metals investigated by him. 

As very little work has been done particularly on the estimation of hydi'atioii 
numbers and molar sound velorities in the ease of solutions of electrolytes, tho 
authojs have taken u]) this investigation by taking measurements for about eleven 
new electrolytes. 


2. RESULTS 

Aqueous solutions of the following salts are studied. 


1. Litliium acetate. 

2. Sodium acetate. 

3. Potassium acetate. 

4. Cobaltous acetate, 


5. Cadmium acetate 
0. Cadmium chloride. 

7. Cadmium Bromide 

8. Strontium Bromide. 
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9, Barium bromide. 

10. Cadmium Iodide. 

11. Zinc Iodide, 
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Tlie salts iiscil are ol either K. Merck or B. I), H. SoJulioiis of different cou- 
eeutratioiiH are prepared and the ultrasonic velocities are deteriuiiied by a fixed 
path variable frerjiiciuy interferometer aeeurat-e to w/,sec The densities 
{p) are rletermined by specific gravity bottle using a Bunge balaiiwi accnratt' 
to 1 ingm. 

The values of adiabatic compressibility /f and apparent inolal compressibility 
are caleulat^ed by using the relations 

/y = . 1 1000 _ A (mod _ ^ \ 

pV- “ 6 ' \ c / 

Where /ij is the adiabatic compressibility of the solvent, f' = Molar concentra- 
l/ioJi and M ~ the inoiecidar weiglit of the solute. 

TJie variation of ultrasonic vcloiuty, adialiatie eoinpressibiliiy and apparent \ 
iMolal compressibility with concentration for all the eleven salts investigated \ 
is shown graphically in Figs. 1 to 6. 



Fjq. 1. Variation of ultrasonic velocity with concentration of the electrolyte. 
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CONC. MOLES/LITRE CC^) 


Fia 2 Vanation of iill/roaoniQ volocity with oonconiraiion of tho oloctrolyto. 


VARIATION OF ULTRASONIC VELOCITY AND 
ADIABATIC C O M P R E S S I B J 1. r T Y WITH C 0 N CEN- 
TRA T J O N 

it can be seen from Fign. 1 and 2 that in almost all the salts studied, the 
velocity is found to increase with con(5entratioii except in the cases of zinc iodide, 
(iadniiuni bromide and iodide. Cadmium acetate solution showed a slight decrease 
in velocity initially and then showed gradual increase with concentration almost 
linearly. Although the anomalies of decrease of velocity with increase of concen- 
tration are noticed for these four salts, the adiabatic compressibility always showed 
the normal decrease with increase of concentration as can be seen in Figs, 3 and 
4. The non-linear variation of velocity with concentration in the case of cobalt 
acetate is similar to the non-linear variation exhibited by some ferrous salts. 
A comparative study of the behaviour in the case of cadmium halides shows 
that the gradient of velocity-concentration graph decreases progressively from 
cadmium chloride to iodide. In a similar manner the velocities for barium 
bromide solutions are lower than those of barium chloride solutions studied by 
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Fig. 3. Variation of adiabatic compressibility with concentration of tho electrolyte. 


Baohem (1936). Tt appears from these ohservations that for a fixed positive radic al 
iiicirease of atomic*, weight of the negative radical in the halogen group decreases 
f.hc ultrasonic vcdocity. This is also borne out by data available for alkali halides 
studied by earlier works (Bachem, 1936; Krishnamurty, 1950 and Wada et al., 
1950). 

It. may also be noted that solutions of all the iodides studied so far show 
a decrease of velocity with concentration at first and later on show an increase 
in some cases. 

The comproBsibility is always found to decrease with increase of concentra- 
tion following closely the equation., 

given by Gucker (1933). 

From a systematic study of a series of aqueous solutions of some sulphates 
Maiks (1944) has dra’wn the important conclusion that for a fixed anion the com- 
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Fia. 4. Variation of adiabalic* compress ibility with conoontratiori of tlu> elootrolyto. 


presHibiJity at a pavticular coiiceiitratioii docreases iiitli increasing ioniii radius 
uf the cation. Here an allenqit is made to interpret tlie results of this investiga- 
tion in tile light of this rule. For this puiposc the data available in literature 
are also utilised. Tbe compressibility data lor different electrolyte solutions at 
a fixed ooiicentration either 0.5 M to l.O M are presonted in Table I. 

Comparing the sodiuin-llouride, chloride and nitrate solutions -with tlu^ cor- 
responding potassium salt solutions for the same concentration it is seen that the 
compressibility of the potassium salt solutions is always loss. This may be attri- 
buted to the higher radius of K'< ion compared to Na+ ion. (Jomjiariiig the adia- 
batic compressibilities of IM solutions of MgCl^, CaClg, CdCJ^ it is seen that CdCla 
and CaClg obey the above rule while MgClg shows deviation from it This devia- 
tion may he due to the partial hydrolysis of magnesium chloride into magnesium 
hydroxide. All the three bromide solutions studied follow this rule quite well. 
The two iodides of zinc and cadmium show deviation from this rule. Similar 
deviations are noticed in the case of nitrates and sulphates of Fe, Co, Ni Avhich 
hydrolyse in aqueous solutions. It is obvious that the offec.t of water of 
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TABLE I 


Salt 

Formula 

Cone. 

Moles/ 

litre 

/3 XIO 12 
Cm2 /dyne 

Ionic 
radius 
of the 

A catio 

iSodiuin fluorido 

NaF 

(1-1) 

0 5 

42.14 

0 . 95 

PotasBium fluorido 

KF 

(1-1) 

0.5 

39.43 

1.33 

Sodium ohlondc! 

ISTaCl 

(1-1) 

1 .0 

3S.02 

0 . 95 

Potassium chlorido 

KOI 

(1-1) 

1.0 

30. 40 

1.33 

Magnosium c-hloi ido 

MrCL 

(2-1) 

1.0 

35 70 

0.05 

Calcium chloride 

CaCl. 

(2-1) 

J.O 

30.. 50 

0 . 99 

Cadmium chloride 

CdCla 

(2-1) 

1.0 

39.37 

0 97 

Sodium nitrate 

NaNOa 

(1-1) 

0.5 

41.73 

0 . 95 

PoiasHium ni Irate 

KNOs 

(1-1) 

0 5 

41 03 

1 33 

Strontium nitrate 

«r(NOa)u 

(2-1) 

0.3 

41 01 

1 13 

IJarium njtj'iilo 

PalNOa). 

(2-1) 

0.3 

40 52 

i 35 

Nickol nitrate 

Ni(NO.,)j 

(2-1) 

0 3 

41 HO 

0 09 

liarnim broimdo 

BaPro 

(2-1) 

1 0 

3.5 . 90 

1 35 

iStront/iiun bromide 

SrBijj 

(2-1) 

l.O 

38.59 

1.13 

Carlimum bromide 

CdBra 

(2-1) 

1 0 

39. 8H 

0.97 

Zmo ]oclid(‘ 

Znla 

(2-1) 

1.0 

37 27 

0 74 

Cadmuiiu iodide 

Cdio 

(2-1) 

1 .0 

39.40 

*0 97 

Magneuium sulphate 

MgSO* 

(2-2) 

0.5 

30 77 

0.05 

ZuiC! sulphate 

ZnSt)^ 

(2-2) 

0 5 

30 34 

0 74 

Iron Hulpliate 

FoSO., 

(2-2) 

0.5 

3H 80 

0.75 

hithium acetate 

LdCJIgCOO) 2 H 2 C) 

(1-1) 

1 0 

39 15 

0 . 00 

Sodium acetate 

NalCHgCO 0)31120 

(1-1) 

1.0 

38.54 

0 . 95 

Potassnuu acetate 

KltiHaCOO) 

(1-1) 

1.0 

39.77 

1 . 33 

Cadmium acetate 

(M(CfT3COO)22HoO 

(2-1) 

1.0 

38.32 

0.97 

Cobaltous acetate 

Co(CHaOOO)24H20 

(2-1) 

1.0 

35 52 

0 72 


hydfatioii is to decroaso llie cojupreBsibility of tht* solution ‘“If wc however 
(•oni])are the throe salts lithmiu, sodium and cadmiuin acolatcs havinjr Jiearly the 
satiio niiiiiher ol’ inolectiJes ol \witer of n ystallization, it will bo seen that the ooin- 
[)ressibility doo-roase froju lithium to oaclmiiuu where as the ioiiio ladiiis increases 
from Li+ to (3d progressively, 'fho deviation from this rule obsoj-vedintheoase 
of oobaltouB acetate may be partly due to hydrolysis and partly due to the large 
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VT 

Fia 5. lioliiLion butwcMnx ajipareiil/ molal ooiimrossibility and Hquai’(*i’oot of uonconiiaiion. 

numbor of nioleoules of water of oi-ystallisation, the high value of compressibility 
for solutions of ])t)tassium acetate compared to others mspite of its large ionic 
ladius of 1.33 may b(^ aLtj‘ibuted to the lack ol water of crystallisation. 


APPAllENT MOLAL COMP ItESSlBl LI TIES ANO 
ESTIMATION OF It Y D K A T I O N N U M U E 11 S 

It can be seen from Figs. 5 and 6 that the apparent molal compressibility 
varies almost linearly with square root of concentration in ftll cases except 
cadmium salts for which deviations are noticed jiarticularly at lower comsentrationts. 
The values of 0 (^: 2 ) for most of the salt solutions are generally negative and there 
are very few cases for which positive values are reported. In this investigation 
jiositivc values of ^{k,^ are observed for ihe case of cadmium acetate, bromide 
and Iodide and strontium bromide solutions. The values of the gradients 

are determined and presented in Table II along with the theoj-etically 
computed values. ... 
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Fig. 6. Kolaiion boi.wooii api^aront luolal coniprossibility and Bipiaro root/ of roncoiitration. 


TABLE II 


(Salt 

'Pyj).) 

ol 

Eloctro- 

Jyto 



(K,) 

V l()» 

c.-O 

Hydra- 
tion 
numb or 

10 ") c.d.s. 

I’heorotical 

JO* 
Expl . 

Ijitliuini acotato 2,tr:/0 

].l 

2 82S 

0.3 

20.. 70 

-2.90 

3 GO 

Hodiuru aootato 3.11 

l-l 

2 828 

0.3 

23.00 

-3.55 

*J,40 

PotaBKiuni auulaUt 

M 

2 S2S 

0.3 

12 50 

-3.30 

4.20 

("aduuuiii iioota^v liHiO 

2-1 

14 70(» 

32.8 

40.00 

-1-3.50 

4.40 

(.'abaliouH aiiotato 4Hj() 

2-1 

14 700 

32.8 

110 00 

-22.90 

28.50 

Baniiiii brniuido 

2-1 

14.700 

32.8 

(i7.44 

-12.20 

15.40 

Strontium bromido 

2-1 

14.770 

32.0 

15 . 80 

-3.06 

4.50 

Cadmiiiiu broimdo 

2-1 

14.700 

32.(1 

43.00 

-0.80 

- 

Cadmiuiii iodido 

2-1 

14,700 

32.6 

34.00 

-0.38 

- 

Cadmium uhlorido 

2-1 

14.700 

32.0 

20.06 

-5.00 

6,20 

Zinc lodido 

2-1 

14.700 

32.0 

02.10 

-9.18 

1.40 
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In the (1-1) type eleotroJyloR Bliidiecl the slopes of almost all the solutions sh(>w 
deviations from the theoretioal values but it is found that the (‘xperiniontal values 
arc always higher. There is a fairly good agieeinciit between experimental and 
theoi-etical values in the ease of the (2—1) type salts cadmium acetate, bromide 
and iodide although these solutions showed unusual behaviour in other physical 
properties. Although strontium bromide and cadmium chloride belong to 
(2—1) valence type, their gradients are even smaller than the theoretical values 
of the (1 —I) typo electrolyte solutions. In general, it may be concluded from the 
above study of the apjiarent molal compressibilities that Gucker’s limiting law 
is only in qualitative agreement with the experiinenlal valiie>s. 

It IS M'ell known that the water molecules in the immediate neighbourhood 
of ions in an electi-olyte solution are int imately bound to the ions. This process 
is known as hydration. The first layei- of water molecules attaeJicd to the ion 
is known as primary water of hydration ‘Kstimation of jirimary hydration 
numbers of ions is now possible by several methods based on diffusion, ionic 
mobilities, activity coetfi (dents etc. Hydration numbers can also be estimated 
from a study ol apparent, molal compressibility on the assumption that the ion 
as WT-Il as the primary water of hydration are incompressible compared to the free 
solvent molecules. Wada and 81iimbo (1950) have given the following relation 
from which the hydration number can be calculated 

Lin -- —AiK/, 

fi->0 

Vh is the volume of ])i imary water of hydration for more of the eh'ctrolyte. The 

limiting value can b(‘. obtained liy cxtraj>olatmg ^{k,) versus <\/c graph to zero 
c->o 

concentration. Using the experimental values of ^{k^} and fiy the? values of 

c— >0 

are estimated. By making the further assumption that the molar volume of 
the solvent molei-ulos in the primary hydration sheath is the same as that of the 
pure solvent, the combined primary hydration number for the electrolyte is obtained 
by dividing Vh by the molar volume of water. The experimental values thus 
obtained for all the electrolytes investigated are presented in the last column in 
Table II. The values of hydration numbers of lithium, sodium and potassium 
acetates are nearly of the same order of magnitude as the values '4, 5 and 5. for 
the ions Le+j Na+ and /il+ respectively available in literature (Belb 1953). This 
leads to the conclusion that the contribution due to the acetate radical is very loW. 
The low values of 4.4 obtained for cadmium acetate shows that the hydration 
number of €^1+“*’ ion is of the same order as Kfa+ or K+ ions although it is dohbljr 
ionised. Assuming the contribution of Cl” ion to combined hydration number ae 
unity as obtained from activity coefficients method, it will be seen that the data 
for CdClj leads to the same value of about 4 for the primary hydration numllMxr 
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of C(l'''+ ion. The abnormally low values of hydration number obtained for 
CVlBrj and Cdlg may be attributed to the anomalous variation of ultrasonic 
velocity with concentration and the non-luiear nature of ^{k^) versus C“ plot. 
Cobaltons acetate gives an abnormally high value of 28.5 for the hydration 
number part of which may be due to hydrolysis. Taking the value for bromine 
as one, the hydration number for Sr comes out to be approximately 4 which is 
of the same order as Na+ or K+ ions. Similarly, the values obtained for Ba ‘ ' 
and Zn+'' ions are 13 and 9 respectively. 


MOLAR SOUND VELOCITY AND ASSOCIATION 

M 

llao (1940) has shown that the molar sound vclociiy H givfiu by ---(V')^^®is 

independent of temperature for non-associated liquids. For associated liquids 
like water and alcohol, R varies appreciably wdth temperature and Wcissler has 
utilised this variation for studying the change of relative association with temi)era- 
turc. Tt is well known that in the case of ideal solutions w'here there is no asso- 
ciation or complex formation, the R value for the solution estimated by using 
the J'elaiioii 

P 


whole 




C'm = 




varies linearly with molar concentration of the solute C„i from the value 
of E for the solvent to that of the solute. The theoretically computed values 
of R from the known molar sound velocity increments for the atoms may be 
faken to bo equal to the values for the ideal solution. The R values for the various 
solutions investigated are computed and it is found that the R variation with 
molar fraction is nearly linear in all cases ex(!ept cadmium halides, Tt is also 
found that the computed values of R for the solutions arc always higher than the 
theoretically experimental values. Taking the ratio K of computed to experi- 
mental value of R as an index of the degree of association and solvation, these 
values are plotted against molar fraction as shown in Fig. 7. The value of 
K = 1.253 obtained for zero concentration gives an idea of the "degree of asso- 
ciation in pure water which is responsible for the lowering of R. In the presence 
of an electrolyte the water molecules will be dissociated, consequently there will 
be a decrease in the value of R. Simultaneously there is also the phenomenon 
of solvation which increases the value of K. In all the acetates studied K decreases 
with increase of concentration showing a decrease of association of water mole- 
cules with concentration. Tn the caao of aqueous solutions of cadmium chloride 
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bromide and iodide peculiar v’^ariations of the factor K are observed. Tlie curves 
show maxima and minima indicating that the ])roc(iBS involved is quite complex. 
This effect is particularly j)rcdominant in the case of cadmium iodide for which 
the K factor continuous to increase with concentration, a feature which is quite 
unusual. 
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DIPOLE MOMENT AND RELAXATION TIME OF 
CERTAIN TRI-SUBSTITUTED BENZENES 

J. SOBHANADKI 

PuYsics Devahtment, ANDniiA University, Wat^taih 
{Ueceived,^ September 12, 1960). 

ABSTRACT. Using the author’s meiliod, dipido moment ami relaxation timo are 
dotorminod for Hix tn-Bubstituted benzenes from moaHuromonts at 15.20 oms. Benzone is 
used as the solvont. 

In a previous paper (Sobhandri, I960), the author has dcsci duHl a method lor 
evaluating relaxatioji times and dipole moments of certain polar inoltMudes in fliluie 
solution from measurements of the dioleetrie constant 6 ' and lossiaetorc" at a single 
frequency. This nietihod is adopted in this paper for determining t and of six 
tri-substituted benzenes for which no data are available in the literature. Benzene 
IS used as the solvent. The experimental proeedurt^ was the same as the one 
deserilietl in an earlier paper (Narasiniha Rao, 1956) from this laboratory, c' ajul 
c" are calculated using the standing wave method of Roberts and von llippol 
(1946). 

Tables I to VI givii the values of t' and c" for dilforent weight fractions along 

b" . b" 

with the values of -- - . The mean value of- — • is taken to calculates the 

C —C„ — t'rt 

relaxation time and the dipole moment. The final values of t and fi arc colleeteil 
in Table VII. 

All the molecules investigated may be taken as rigid and a])proximately spheri- 
cal since they arc formed by nuclear substitution in the benzene ring. The first 
four molecules (the toluenes) arc of the same molecular weight, the main differ- 
ence among themselves being in the location of the different groups. The other 
two are similar. 

The dipole moment values obtained agree well with the r.f. values determined 
by Narasimha Rao (1956). Though the values of t are almost of the same order 
for the four toluenes, a slight increase Aviih increasing is evident. A similar 
feature may also be seen in the case of the other two nitrobcnzcncs. However, 
both ji and t arc considerably higher in the nitro compounds than in the toluenes. 


577 



578 


J, Sobhanadri 


TABLE I 

6-Chloro 3-iutro-U^luonc 
Cl = 2.270 


S.KO. 

w 

e' 

e" 

a" 

— 

J 

0 005B78 

2.296 

0.01863 

0.7164 

2 

0.006988 

2 298 

0 02141 

0 7646 

3 

0.008614 

2 300 

0.0241S 

0 HOtiO 

4 

0.010600 

2.304 

0 02828 

0 . 8296 

_rj 

0.012.190 

2 314 

0 03028 

0.6880 


Moau — 

£ —El 

=0.7609 


T=-13. 

19x10-1^ Soc. 

/I 

= 3.09 D 



TABLE 




2 - Clil oro 4- ni t r(i iol u cj le 




= 2.270 


S.NO. 

W 

f/ 

e" 

f" 

e'— cj 

1 

0 004501 

2 299 

0 02443 

0.8424 

(> 

0.005178 

2.301 

0.02731 

0.8810 

3 

0 007437 

2.. 312 

0 03598 

0 . 8569 

4 

0 . 009552 

2.322 

0.04612 

0.8869 

5 

0 010610 

2 327 

0.05110 

0.8964 


Mooii , 

e — E 

-=0 8727 

1 


T = 1 

5.14X lO-J^ Sec. 


/j,™4. 17 D 



TABLE 

111 



f>-CJiloro 2-mtrotoluBiic 




=- 2.270 


S.NO. 

W 

c' 

e" 

e" 

a' — El 

1 

0 . 006063 

2.294 

0.01782 

0 7425 

o 

0 0072.30 

2 300 

0.02065 

0.6685 

3 

0 008710 

2.304 

0.02367 

0 6961 

4 

0 . 10680 

2.310 

0.02865 

0.7137 

5 

0.11650 

2.316 

0 03341 

0.7261 


Moan =0 7134: 


= 12.37x10-1^ Soc. 


fi = 3.1l D 
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TABLE IV 

4-Chloro 2-nitrolohiciio 
ft, ^ 2.270 


S NO. 

W t' 



e' -Cl. 

1 

0 . 005080 2 290 

0.02011 


0.7734 

2 

0 000.531 2 304 

0 02745 


0 8074 

3 

0.007390 2 310 

0 02928 


0.7319 

4 

0 00920S 2 317 

0 03071 


0 7H11 

Ti 

0 011480 2 329 

O.OtOJO 


0 7S03 


Moan > =0 

e — 1 1 

7700 



T =13 

16 x 10-12 rtoc. 



=r3 66 D 


TABLE V 





2, ILDicliIoro mtx'oboiizi'iu* 




-- 2 270 




S NO 

AV t' 

l" 


t" 

t'- tL 

1 

0 00743 2.310 

0 03098 


0 0458 

2 

0 01040 2 319 

0.0470'! 


0 9001 

;t 

0 01291 2 322 

0 . 05070 


0 0750 

4 

0 010 If 0.327 

0 05546 


0 9729 

5 

0 01893 2 311 

0 00903 


0,9806 


-Moan , - 

f -c, 

-0 9009 



r = 10 

77 X I0“i^ Hoc 



= 3 82 D 


TABJ.E V! 





2, /5-Dichlnro mtrol 

xtMizeiu* 




ft^ -= 2.270 




JS.NO. 

W e' 

i " 


c" 

f ' - f'l 

1 

0 008802 2.300 

0 0320 


0 8896 

2. 

0 01 030 2 311 

0.0307 


0 8900 

3 

0 01239 2 310 

0 0441 


0 9588 

4 

0 01601 2 325 

0 0532 


0.9674 

5 

0 1893 2.329 

0 . 0549 


0 9309 


Mean , 

fc f , 

t = 16. 11 X 10-12 Soo. /j, = :i.41D 


6 
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TABLE VII 
Temperature 


iSubstauee 

T JO'a 

Mlf, 



0*Chlovo 2-iiitrutoluoiie 

12.37 

3 11 

2 93 

0-(Jhloi 0 3-niti'ol.olu('nc 

13 10 

3 0‘) 

3 11 

4-(Jhloro ^-nitruioliioiK' 

13 40 

3 00 

3 03 

:i-Ohloi’o 4-nitrot-oluoiie 

15 14 

4.17 

4 05 

ruti'olionzoiio 

10,11 

3 41 

3 45 

2, H-Diehlort) iiiiiobonzciu* 

10 77 

3 H2 

3 . 80 


The author is (loe]3ly ludebled to Prol. K. li. llao hjr liis kind and valnal)Jo 
guulaucie tliroiif^hout the* jn'ogress oJ tlie w<3rk. He is also gi-atetnl to the (Joverii- 
inoui of India idr the aA\'ard of a scholaisliip. 
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ON THE SINGLET -> TRIPLET ABSORPTION IN 
AROMATIC COMPOUNDS IN GASEOUS STATE 
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ABSTRACT. Tljo absorption spectra in the near ultra\'iolot ropfion of bonozono and 
o-bromotokioiio in thn vaiioiii' state at the rospootivo saturation prossiiros nt tUo j'ooin i-empora- 
turo witb a path huip'th of about (i2 feet have boon photographed and com^iarod with Iho 
spectra duo to the aubsl anei's in the li(iuid state having equivalent path Jengtlia. li- has l)oon 
observed that althougli honzoiio in the liquid stale with a path length 1.2 ems shows eonsi- 
derablo absorption in tho 3300A - 34()0A region due to singlet— >tri])lot transition, such absorp- 
tion in tho cage of tho vapour at 12 mm pressure, with a path length of 02 feet is very much 
less than that m the lujuid. Siniilar results have boon observed in tho ease of o-bromolohiono, 
the ]iath length being 7 mm for tho lujuid und 62 foot for the vaiiour at .75 mm ])rossuro, 
It lias been pointed out that tho singlet— > trijilet absorption and the rorrosponding lumin- 
oseonce ofisorved by iirovious workers in those cases are enhanued considerably in the state 
of aggregation of the molecules. 


INTRODUCTION 

The singlct->-tiriplet. absorpthm in some aromatic liquids waa lirat observed 
by Lewis and Kasha (104,')). Kasha also observed later (Kasha, 19.52) that this 
absorption is strengthened w hen a. heavy siibstitiicnt atom is inti'oduccd in tho 
benzene molecule and also ^^hcl^ the molecules arc dissolved in a solvent, the 
molecules of which contain such heavy atoms. Hirkar and Biswas (19,56) and 
Biswas (1956) observed that the relative intensities of the bands and their positions 
in the luminescence spectra of frozen solutions of certain disubstituted benzene 
compounds depend to some extent on the nature of the solvent. Later, Roy 
(1959) proved conclusively that the luminescenee in such cases was produt^ed after 
absorption in the process of singlet-^triplet transition. As it was suggested 
by iSii’kar and Biswas (1956) and also by Biswas (1056) that the luininescenco 
exhibited by the molecules in the solid state at low temperatures might be due to 
formation of small groups of molecules it would be of interest to find out whether 
the Binglct->triplet absorption is an intrinsic property of the individual molecules 
ill the gaseous state or it is developed in the state of aggregation. It is difficult 
to make experimental arrangement for this purpose, because the life time of the 
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iriplet state ia large and consequently the absorption is very weak. However, 
the absorption is exhibited by some of these liquids oven when the absorbing 
path is only about 5 cms. Tf the absorption could be detected in these cases 
using absorption cells of thickness about 1 cm, it would be possible to study the 
absoi-ption in llte vapour with equivalent path' length. 

An attempt has, thcreforcj been made to study the absorption spectra in the 
near ultraviolet region of vapours of benzene and o-brorno toluene at pressures 
12 cm and .^.5 cm respectively, the absorbing path being 18.fl0 metres long in 
each case, The spectra duo to the liquids of equivalent thickness have also been 
photographed under identical conditions and compared with those due to the 
vapours . The results h ave been discussed in the present paper. 


EXPERIMENTAL 

The absorbing path of the vapour about 18.90 metres long was obtained by 
making two cells of straight. i>yrex glass tubes each about 32 feet long, pro- 
vided With quartz windows and placed side by side parallel to each other. The 
continuous radiation from a tungsten filament lamp in glass bnlb was made parallel 
with a (piartz Ions and passed through one of the tubes. The rays being then 
reflected by two right angled quartz prisms, passed through the other tube and 
were finally focussexl on the slit of the spectrograph with another quartz lens. 
The radiation emitted by the lamp was found to have v^avelengtlis longer than 
,3000A and therefore the absorption due to singhit— > singlet transition was not 
possible ill tliis arrangement. A bnlb of Pyi’ex glass containing the liquid was 
comiected to eatdi of the absorption cells through a greascless stopcock and a 
side tube. First, the long cells wei'e evacuated and the speetrum of the incident 
,j'adiation passing through the tubes was recorded. The short empty cell for the 
liquid was next placed in the path of the rays and the Jong absoiption cells were 
filled with the vapour of the liquid at the satuiation pressure which was measured 
with a differential manometer.' The pressure was found to be 120 mm. in the 
case of benzene and 5.5 mm iii the other case. After photograxdiing the absorp- 
tion spectrum of the vapour on a jihotographic film the long cells were evacuated 
and the short cell was filled with the distilled liquid and the absorption spectrum 
of the liquid was photographed on the same film witli the same exposure and 
under identical conditions as in the case of the vapour. 

The liquids benzene and o-bromotelucnc used in the investigation were of 
chemically jiuro quality and they were first fractionated and then distilled in 
vacuum before being introduced in the bulb mentioned above. The thickness 
of the cell for the liquid was 1.2 cm for benzene and 7 mm in the case of o-bromo- 
ioluene. The spectra were photographed with Hilger medium quartz spectrograph 
on Agfa Isopan films, the time of exposure being about 10 hours in each case. 
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PLATE IX 




Ulliaviolet absorption spectia 

Fig 1. Absoibci — evacuated cell, 18 90 melics long 

Fig. 2 (a) Absoibci — bcn?ene ( liquid ), 12 mni long cell 

+ above evacuated cell 

(b) Absorber — benzene vapoui at 120 mm of Mg, 

18'90 metres long cell 

(c) Absoiber — n-broinot«luene ( liquid ), 7 0 mm long cell 

+ above evacuated cell 

(d) Absorber — o-bromoluenc vapour at 55 mm ol Mg, 

18 90 metres long cell 
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BESULTS AND DIKCrsSTON 

Tile spectrogtams lor Ijenzene and o-bronioiolueue are reproduced in Figs. 
2(a), 2(b), 2(c) and 2(d) in Plate IX, the spectrum ol the incident coiilimious 
radiation passing through the evacuated absorption tube being slunviv in Fig. 1. 
These spectra show that in the ca.so of benzene in the vapour state (Fig. 2b) thoro 
is only a very weak absorption in the region 240()A-3300A, while in the .speGiirinn 
due to the liquid of equivalent thickness (Fig. 2a) Ihcre i.s appreciable absoi 7 jt-ion 
in this region. In the case of o-bromotoluene ui the vapour slate Fig. 2(d), 
however, there is weak absorption even in the region IIOOOA-I1400A ajid the 
absorption in this region is very much stronger in the spectrum due to the 
liquid Fig. 2(c). It is evident, therefore, that even in the vapour state 
the o-bromotoluene molecule shows much stronger absorption due to 
singlet— ►tiiplei transition than the benzene molecule and that sui h absorption 
increases enormously when the vapour is liquefied. Thus the substituent 
bromine atom in the o-bromotoluenc molecule in the vapour state is 
rc.sponsib1e for the increase m the strength of singlcWtriplet absor])tion and 
shift of the I'egion of absojqrtion towards rerl When the vapour is JK|uefierl the 
influence of intermolecular forces iuereascs the strength of the absorption enor- 
mously in the case of o-bromotoluene, but only slightly in the case of benzene. 
If in the liipud state the dissipation of energy of the excited state by pi’ocoRseR 
other than radiation would result in the .shortening of the life-time of the excited 
state and consequent increase iii the ahsorjition sucli increase would be of the same 
order in both the liquids. The increase is, however, much larger in the case of 
o-bromotolueiie than in the case of benzene. In the former case the molecule 
has not only a heav^^ atom but it also has a permanent electric moment. On 
comparing the luminescence exliibited by different disubstituted benzenes, it is 
found that the luminescence produced by chloro- and bromotolueues is mucli 
stT’ongor than that exhibited by dichloro- or dibroniobenzones. It appefirs, there- 
fore, that not only the presence of heavy atoms but also the formation of groups 
of associated molecules may be partly responsible for the luminescence and 
absoiption due to singlet-^ triplet transition. 
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ON THE VARIATION OF ELECTRONIC TRANSITION 
MOMENT R, IN CN VIOLET BAND SYSTEM 

S. S. TRASAD 

DErAHTMENT oE Phystcs, L. S. Coeleoe, MT/ZAEEAnptm (Biaae) 

{Received, October 8, 1960) 

Nicholls (1956) has discussed the vaiiatiou of electronic transitioii moment, 
Ttjf'), AVith '/■ tor a number of band systems includinp; the GN violet band system. 
Re used the experimental trajisilion probability data of Ornstoiu and Brinkman 
(19111) and obtained the following expression for the variation of HJf'), 

i?c(r) = const. (-1+2.579 r) 
in the range (1.95 < r < 1.82 A 

Nicholls and Dixon (1958) have also studied the variation f)f Re{r) with r 
in the <‘ase of GN red system exeitod in active nitrogen-cjarbontetrachloride 
source and found that the expression 

R^(r) — const. (1-1-0.160 r) 

represents the variation of J{e(r) with r in the range 1 .04 <r' r < 1 .27A. 

It may be noted that. GN red system is due to a transition of the GN molecule 
from its excited .4-77; state to state, Avhile the violet system is due to one from 
excited to state. Now Bates (1949) has suggested +h at the variation 

of Rg(r) with r be larger for perpendicular (AA = +1) than for parallel 
(AA = 0) band system. Tf Bates’ suggestion contains any germ of truth, so 
larger a variation of Rg (r) with r in GN violet system (as compared to that in GN 
red system) becomes doubtful. 
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Guided }jy this doubt, the recent experimental transition probability data for 
furnace excited ON violet system given by King and Floyd (1955) Uav(‘ been 
analysed for the trend of variation of Ee{r) with r. The method used u\is I lie 
r-centroid method used by Nicholls in lus own analysis. The variation of 
with r has been found to be given in the same range of r by the expression 

B,{r) ^ const (1 +0.03 r) 

This trend is much slower than the trend repoited by Micholls (1950) and lends 
a further supjjort to JBates’ suggestion 

Tt seems lhat the actual trend of variation of E^/) with r m ON violet band 
system is represented by the above expression So far us the more rapid vaiia- 
tion of Eo{r) wit h r obtained by Nicholls li oni an analysis of Oriisteiii and Brinkman’s 
experimental data is concerned, it may possilily be due to some systematic eii'or 
in the Onistein and Brinkman's data. 

This infejeiiee is also sujijKnted by a remark of Brinkman ijuoted by Smil 
(1940). Aifcording to Brinkman himself the accuracy of these i insults (i e., of 
Ornsteiii and Brinkmans’ transiticjii prolialulity values) has been estimated to 
be not liigh. It was always hoped that (he furnace measurements will yield 
accurate band latio. 
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BOOK REVIEW 


Pio(5ce(liiigs OK ^PHE INTERNATIONAL SYMPOSIUM ON TRANSPORT 
PROCESSES IN STATISTICAL MECHANICS, Edited by I. Pi-igogine, 
Iiiterfjcionce Pul)lis]iers, New York, and Lotidon, 1958, pp. 436. Price $ 10.00 

Tlic pri^Hent volume is a collection of 48 papers pi’csonted in tlio International 
Syiuposinin on Transport TVocesses in Statistical Mechanics’ held in Brussels 
in Aug. 1950. The volume has been divided into 14 parts, the theoretical papers 
being grouped in Parts I t(j XU and experimental papei'S in Parts XIII and XIV. 
The division ol tlie book into the different parts is, liowever, not always quite 
logical. 

Ill parts J to III the statistical mechanical basis of the steady state has been 
discussed from several jroints ol view leading to the derivation of Boltzmann 
equation as used in the kinetic theory of gases, while jiart JX deals with the 
cpiantnm-mec'hanical aspect. The other parts deal with specific problems 
Transport, fihetiomeua (mainly tliorinal c.oiuluctivity and diffusion) in solids 
are dealt with in Parts IV, V and VII while difliisjon in gases and Injuids are 
discussed in I’arts V^l and VJII respectively. Part X deals with sonio transport 
[ihenoiiiena iii liquids, particulaiiy liquid hehiuu. Part. XI wliicjh covers about 
seveutylive jiagcs is particularly welcome as it gives a fair idea of the contro- 
versial as])eets of the basic principles of the thermodynamic theory of iri evcrsible 
processes. This might stimulate activity in making the fundamentals fiioro 
Komid or Lu cxteuding the domain of applieabiUty of the theory of irreversible 
jirocesses In juirts XI II and XIV some special experiments of topical intoiesl 
are diHcuHHcd such as viscosity and thermal conductivity of gases at higlipiessures, 
diffusion and thermal diffusion in gases and liquids, Hoict effect, etc. The parts 
aic followed by discussions which are quite interesting and useful. 

The book gives, in a small compass, a good picture of the cutTont effort being 
made to elucidate the intricate aspects of the Transport Theory furni statistical 
mechanics. In view of the nature of the .subject and the form of the book as a 
mere colh'ction of papers, the present volume is likely to he useful only for research 
W'orkers in the field. 

B. N. S. 
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